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Abstract: We presentwo examples of microworldsuilt into the Smalltallenvironment fothe purpose ofeaching

the mainconcepts of object oriented programming (OOP) andhef Smalltalk programming language. The
distinguishing features of our microworldse thateach of them presents the student with a sequence of
environments. These environments introduce one OOP ccaitepanother, and disclose the Smallitivironment

and language in a step-by-step fashion. The starting environment does not aagywregramming andoes not
encouragehe user to use Smalltalk tools, thastenvironment must be programmed in Smalltalk and discloses the
major Smalltalk tools. The intended use of aucroworlds is forthe introductorypart of acourse on OOP, to be
followed by adetailed presentation of the language. An extension of the presgrzhch would makihe method
suitable for teaching basics of computer programming in a computer literacy course.

Key Words: Microworld, object oriented programming, progressive disclosure, Smalltalk, teaching object oriented
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1 Introduction

The idea of usingnicroworlds to teach selected aspectpmigramming is not new. Theost
prominent reference iprobably that of Papertwho usedthis concept inthe Logo programming
environment [Papert 80]. Others thesed it to create environments to teach genpragramming
principles with special programming languages [Pattis 81, Tomek 83kubsets of full-fledged
programming languages such as Pascal [Tomek, Muldnerrg@bSmalltalfAlvarez etal. 95,Borne 91,
Leonardi et al. 94]. For a recent survey of the subject see [Brusilovski et al. 94].

The two main justifications for restricted programming environments are:

1. Hiding the richness of the full environment so as not to distract the beginndoavitiranydetails,
tools, and techniques,and to make learning easier. This is theain motivation for building
microworlds for students who want to learn to program.

2. Creating an environment which presents the student with more interestingh@sk®mmercial
programming languages. This is an important motivafierbuilding microworlds for students who
want to learraboutprogramming.

The motivationfor the work presented itthis papetbelongs mostlynto the firstcategory since
the immediate use of our microworlds is in a course on object oriented programming (OOP). However, our
microworlds are simple and interesting enotiut they could be used asstarting pointfor audiences in
the second category as well, for example with students in computer literacy courses.

2 Goals and guiding principles

Ourwork is guided bywo main goals:First, to provide ahands-on interactive environment for
presenting principles of OOP. At presealt, existingtextbooks introducerinciples of OORusingverbal
descriptions of situations that provide OOP motivatiodset stage fotheir abstract presentation. We do
not think that this is aecessary othe bestapproach, andelievethat suitable microworldgan illustrate
the concepts in a more forcefand convincingway. Wealso think that by manipulatingppropriate
microworlds, students will internalize OOP concepts better than ifahegnly presentedvith theoretical
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argumentsSecond OOP environments igeneral, and Smalltalk in particular, @am complex to be
presentedall at onceand theirfacilities should be disclosed one aftmother. A series of Smalltalk
environments which introduces the environmpragressively seems to be a gowdy to protect the
student from the cognitive overload caused by the richness of the language and the tools.

Given this motivation, weproposethat thefollowing principles should be used to design the
microworlds:

» The student should have access to sewdffarent kinds omicroworlds This will provide variety for
exercises and reinforce the concepts by presenting them in different contexts.

» Each microworld shoulgrovide motivationfor the goal being pursued. In our case, the goal is to
introduce OOP conceptndour choice of microworld themes is biased towards situations in which
the concepts of objects and messages are as natural as possible.

» Microworlds should benteresting The student should be tempteduse them andexplore their
possibilities, and thus absorb the concepts that we want to communicate.

*  Microworlds should beimple They must engage the student’s interest but notheadwayinto an
exciting virtual reality world in whichthe learninggoal is forgottenand themicroworld itself
becomes the focus of attention.

» Microworlds should form @&equence of environmentgtterned on the same pedagoggahgoals.

As example, version 3 of each of thecroworlds designed for particular goal should be oriented
towards presentinthe sameconceptsand use asimilar user interface. This makes it eadiarthe
student tomove betweerthe differentmicroworlds with easend explore the sameconcepts in
different contexts.

» The sequencento which themicroworlds are divided shouldstart at themost trivial level and
proceed in small increments as far as desirable, but not farther.

In the following sections, we will describe how we applied these principles in our microworlds.

3 Types of Microworlds Implemented, Stages of Their Development

Since our goal is to introduce principles of OOP, we attempted to select worlds inobjgcts
andactions performed on thearevery natural. Our firsthoice was audimentary variation on Papert’s
Logo Turtle - apenworld containing essentiallgnly two types of objects: penfor creating bit-mapped
drawings, and an erasfar erasing them. As wdevelopedhis world into a series of environments and
matched them with theonceptsthat wewanted to introduce, we fountthat the perworld does not
provide enough justification for the concept of polymorphism. We thus added a new microworld called the
geoworld which consists of rectanglesidellipsesthat can be painted on a drawing pad, acdlector
objectthat can baised to sele@ndgroup rectangleandellipses previously placed dhe pad, andend
messages to them. We will explain and illustrate the two microworlds later.

The stages into which wdecided to divide our microworld expositiane dictated by thtopics
which we want to introduce - a combination of general OOP concepts, princigisatitalk, and the
main tools ofthe Smalltalk environment. Thesenceptsthe order in which we introduce thesnd a
brief justification of the order of presentation are as follows:

1. To achieve anything in anbject-oriented worldthe user musselect objectsand send them
messages. To dthis, the userdoesnot have to write programs. Instead, he diok buttons
representingbject factorieghatcreate objects, buttomspresentingreviously created objects, and
buttons corresponding to messages understood by the selected objects.

2. Object factoriesre properly calledclassesandwhen we us¢hem in a programming language such
as Smalltalk, their names mustlow certain rules. Names ofiessages must aléallow rules. The
names of buttons in an environment correspondinghi® stage are changed teflect these
conventions, everything else can remain the same.
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Selectingobjectsand sending themrmessages ithe principle of OOP. In restricted contexts such as
our microworlds, these actiortsin beaccomplished by clicking buttons. In the general Smalltalk
environment, however, specification of objects and sending of messages is achieved by writing textual
programs. To provide a preliminary taste of what OOP is lik&nmalltalk, we extend the user
interface of the existing environment by adding a read-onlysiabxtiew. We us¢his textview to
display a preliminary form of Smalltalk statememitsit would havethe sameeffect asclicking
buttons. As the useclicks buttons,the corresponding statements are automatically created and
displayed.The form of thedisplayed statemenfsllows the rules of Smalltalk but the statements are
not executable because thage notcomplete - we havaot yet introduced theconcepts of variables,
assignment statement, and declaration.

Experience with the environment from stage 3 makesbvious that its preliminaryform of
programmingdoesnot provide enough controlThis provides a justification for introducing the
concepts of variable, declaratieand assignment statement. Introducihgse concepts allows us to
createanddisplay executabl&malltalk codefragments as the uselicks buttons to select message
receiver objectsand messagesThe textview is still a read-onlyview and theuser cannot write
programs but the progranase real, greview ofthe programs that thetudent will eventually write
when the ‘crutch’ of buttons is removed in a more advanced version of the world.

So far, we concentrated on one aspecbggcts -their ability to execute messages. We ignotiegir
properties the fact that objectshaveinternal variables capturingheir current stateand thatthese
variables may change during the object’s lifetime. pireious worlds provided strorgnts that this

is so but we have not sattlis explicitly and wehave not provided any meaf@ examining the
objects. Atthis stage ofvolution of our microworld, we add a button to display properties of the
selected object in an informal style - as English phrases.

Up to this point, our environmenigereartificial grafts on Smalltalland thestudent did not have to
use any othe standard Smalltaltools. Eeven thougthe standardools werenot hidden from the
window, wedid not encourage the studentusethem. All thework was donewith buttons,all text

was automatically createthe studentouldnot get into problems, themas no possibility to make a
mistakeand noneed to go outside dhe pre-defined world. Athis stage, weemoveall this
scaffolding, or most oft, and ask the student to start controlling thécroworld by writing and
executing Smalltalk programs. This should notd difficult becauseghe student haalready seen
what these programieok like and caneven go back to a previous environment to generate the
required code by clicking the buttons.

Since control is now vi&malltalk code, the user isexposed to mistakeand we thusintroduce
principles of dealing with mistakeand theuse ofthe debugger. We also replace the informal
presentation of object properties with the formal style used by the Smalltalk ‘inspector’.

No additional artificial microworldsre neededand we now present the Smalltallrowser to
introduce theconcept of class hierarchy. Vééll usethe environment from therevious stage but
only to demonstrate that the character of some ofltfextsalready present in it quite naturally leads
to subclassingand so on. Walso usehe browser to create new methcaisdnew classes afbjects

to demonstrate the use of the browser for creating code.

When the student reaches this point, helfeen introduced tall essential®OOP concepts and

used them actively. Heasalso seemndusedthe elements of the languagadusedthetools. He is now
ready to studyhe languagétself and weproceed to teach it ithe usuallyway starting withbasicdata
types, control of flow of execution, /O via the built-in user interface builder, and so on.

4 The Microworlds

In this section, we will illustrate the principles outlined in fr@vious sections on examples of

two microworldsimplemented in VisualWorks, a popular variet of Smalltalk manufactured by ParcPlace
[ParcPlace 94]Most of the illustrations are takefiom the perworld butthe last one is from the geo
world which was designed specifically ittustrate polymorphism for which weid not consider the pen
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world sufficient.Our presentatioffollows the sequence followed inur course. Wetart by showing how
the studentopensthe microworldand proceedthrough individualstages of microworld evolution. It
should be noted that the seven consecutive stages listed in the previous section are grdiysestages

of microworld evolution; they are illustrated in the following paragraphs.

When the useopens VisualWorks Smalltalk (abbreviatbdlow asVW) the visual launcher
shown in Figure 1 appears on the screen. This launcher is identibat poovided by VW except for the
new MicroWorlds command at the rightmost end of the menu bar. Thfiects ourbelief that
microworlds should be a tobklping the student to penetrate iIROP conceptand Smalltalkbut that
the student should not be prevented from exploring Smalltalk further if he wishes to do so.

When the student activates thicroWworldscommandiwo subcommands becoragailable, one
providing access to pen worlds, the othege¢o worldsEach of them further expandsabow the user to
access one dhe sequence of five evolutionary stagedtw selected microworld. As we have mentioned
before thetwo worldsevolvethrough parallestages (pen world 1geo world 1 pen world 2 -geo world
2, and so on), presenting teame conceptand providing the same user interface, each illustrating the
current stage of evolution in a different context.

File Browse Tools Changes Database Window Help MicroVorlds
Pen » ne orld
Geo *| penworld 2
N pen world 3

pen world 4
pen world b

Figure 1: Opening state of Visual Works Smalltalk with Microworlds command added.

. If the user selects pen world 1, the window shown in Figure 2 appears on the screen.

= Pen world number 1 - | o

Drawing pad Selected object: nil

Available objects

pen factory pen

elrazer [actﬂl}' Gk

Select receiver object

Figure 2: Initial state of pen world window. User must now select a receiver object by clicking its button.

The new window is labeled with the name of the microworld and has the following components:

* A rectangular drawing pad on the left. All actions taken by the studethisrand thefollowing
microworlds - drawing by pen objects and erasing by eraser objects - are directed towards this pad.

» Buttons for selecting object§he goal of our interface is trill the fact that allactions in arobject
oriented microworld consist of selectingjects (message receiveasjdmessages. Ahis stagepnly
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the pen factoryanderaser factorybuttonsare enabledpen anderaserbuttonsare disabledbecause
no pen or eraser objects have been created so far.

* Ahelp button is present in all microworld windows.

» A conspicuously colored label advishe student to selectraceiver object. A label ahe topshows
that noobject is selected. We ugige Smalltalk termiil - again a part of oustrategy of introducing
the concepts of Smalltalk progressively whenever there is a good opportunity.

Assuming that the student clicked hen factorybutton, thewindow nowchanges tdéhatshown
in Figure 3.0bject buttonsaregoneand thelabel at the topight statesthat theselected object is a pen
factory; buttons showingll messages available fthis objectaredisplayed. Irthis case, only one button
labelednew penis shown becausthis is theonly message understood bypan factory. The user is
prompted to select a message for the current receiver.

= Pen world number 1 '|*

Drawing pad Selected object: a Pen factory

Available messages

Select message

Figure 3: Pen factory has been selected and its messages are displayed. Student will now one by clicking.

After clicking new pena penobject iscreatedand thewindow changes to a state similarttoat
in Figure 2, excepthat thepen button is now enabledhe eraserbutton remains disabled. We do not
show this window because it is almost the same as in Figure 2.

= Pen world number 1 ¥ [~
Drawing pad Selected object: pen
Available messages
| move | turn left
| pEn up | turn right

color

Select message

Figure 4: Student selected pen and buttons for all messages understood by pen are displayed.
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Assumethat studentow selectshe penobject by clickingthe penbutton. Thewindow changes
to the state shown in Figure 4. The label shows that the selected object is a pen, and buttons corresponding
to messages understood by pansdisplayed. They includmoveto movethe pen by apecified number
of pixels in the current direction and draw a straight line leftandturn right to turn the pen by +90 or
-90 degrees (the péras orientation)pen up(to lift the penand thuscancel drawing while moving), and
color to change theolor ofthe line drawn by the pen. The pen is shown in the drawing paddeféslt
state - at the center of the drawing pad, pointing up, black, and ready to draw.

To further illustrate the interface, assuthat thestudent hasreated another pen, turned one of
the two pensright, andmovedeach pen by an amouspecified via a dialogriginated when thenove
button is clicked. The next task is thus to selectéceiver ofthe next messagéssumethat thestudent
choosegen by clicking thepen button. Since there ateo pens in the padow, the student must now
select one of thawvo pens shown in the drawing pad by clickihgThe state of the peworld window at
this point is as in Figure 5.

= Pen world number 1 M =
Drawing pad Selected object: nil
Available objects
| pen factory | pen
| eraser factory | erayer

¥ Select a pen

Figure 5: Student clicked the pen button and must select one of the two pens present on the drawing pad.

The operation of pen world 1 should now be obvious and it is letemit implements the goal of
introducing the student to tle@ncepts of objects, messages, messeggtion, and théact that allaction
in object oriented worlds consist of selecting an object, and sending a message to it.

The next stage in our of pevorld evolution is pen world 2. Its user interfacesésy similar to
that of world 1 with the following exceptions [Figure 6]:

+ Labels on buttonare changed to introduce tterminologyand therules used in Smalltalk. Instead
of calling anobjectbuttonpen factory we now usehe termclass Peninstead of calling anessage
buttonturn left we nowcall it turnLeft (not shown)and so on. Weisethe proper Smalltallsyntax
and the actual names of messages as declared in our microworld classes.

* A read-only textview is added at thébottom right. This text view shows apreliminary form of
Smalltalk statements equivalent to actions performed by the user by clicking biitissiew is
scrollableand the partlisplayed in ouillustration showsthat thestudents hasreated a new pen
(unary messageew with no arguments)moved it by 50 pixelskgyword messagenove: with one
argument), created another pand turned itleft (using tumLeft - another unary message). The
messagenove: 50 gives us an opportunity to natieat everything in Smalltalk is anbject,including
the argument 50 which is a number object. (The state of the drawing pad in Fehameshat more
messages must have been executed to reach this stage - these are hidden in the text view and would be
accessed by scrolling it.)
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The text view of pen world 2 shows only a preliminary form of Smalltalk statements although the
syntax is correct. Situations such as the one stgivenus an opportunity to justifthe need to refer to
objects bynames (which of thewo pens in our example shoutdrn left?) and thisleads to theoncept of
object identifiers, declaration, and assignment statement. This new feature is introduced in pen world 3.

= Pen world number 2 |~

Drawing pad Selected object: nil

Available objects

class Pen | a Pen

clazs Eraser

an Eraser

i

Select receiver object

Smalltalk statement

Fen new. g
pen move: 5. :I
pen turnlLeft. .

Figure 6: When student selects receiver and message in pen world 2, the text view displays a preliminary
form of the Smalltalk equivalent of the button-based operation.

The interface of peworld 3 [Figure 7] is identical tthat of perworld 2 butthe automatically
generated displayed Smalltalk code is now realistic - identical to that which would produce thegfsaime
as button clicks. The textew isstill readonly and theuser thus cannot program thverld in Smalltalk,
but he can observe the Smalltalk code equivalent to button clicks.

= Pen world number 3 - | -

Drawing pad Selected object: nil

Available objects

| class Pen I | :a Pen I

| clazs Elaserl | an Eraser I

Select a pen

Smalltalk statement

| pent pen2 | i
penl = Pen new. =
pend .= Pen new.

penl move: BO. +

Figure 7: Pen world 3 shows Smalltalk code equivalent to user actions in a read-only view.
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Theway inwhich we introduced theoncept of an identifier ipen world 3 isvery limited - an
identifier in our currensense is just a pointer to abjectsuch as a pen or an erasand anobject is
somethingthat understandsiessagesThis is because we haveot yet considered thdact that objects
have properties which can change and that the nature of objects is thus variable. From our experience it is,
however, obvioushat atleast some othe objectsthat weuseare moreghanmere message executors. As
an example, as the student sem@ssages to pen, its position, orientation, coland drawingstate (up
or down) musthange. Thigjives us an opportunity tenrich theconcept of an identifieand anobject,
andintroduce theconcept of avariable - an identifier of arobject whosdnternal properties mayary
during its lifetime. To introduce thesencepts ighe role of perworld 4 which adds aropertiesbutton
to the interface of pen world 3 [Figure 8].

= Pen world number 4 x|~
Drawing pad Selected object: a Pen
Available messages Properties
| move: I | turnLeft I | properties I
| up I | turnRight I

[_ooor | el
Select message

Smalltalk statement

| pent | d
pent = Fen new. =
penl maove: 70,

peni turnLeft.

pent move: 50 +

Figure 8: Pen world 4 allows the student to examine properties of objects using the properties button.

When the studergelects an objendclicks the propertiesbutton, thewindow changes [Figure
9] to show the properties of the selected object. The properties are listed in an informal way.

We think that perworlds 1 to 4 have introduced enoughtloé basic concepts for our overall
goal, and that thestudent isnow ready to move t&malltalk and start programming using text. (In a
different setting, such as a computer literacy coutgs,may not be so and weay want to introduce
additional environments.) Still, a few concepts and some preliminary practice are démfatdevestart
teaching the Smalltalk language and we thus present one last stage in whichexpagithe student to
several more concepts and introduce him tddbés ofthe Smalltalk environment. This is the role of pen
world 5.
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= Pen world number 4 =

Drawing pad a Pen
Properties
angle 180
calor hlack
pasition SEE59
speed medium Help
in painting position

width 1

Close properties view I

Figure 9: Clicking the properties button in pen world 4 shows properties of the selected object.

In pen world 5, control by clicking buttons is replacegtygrammingObject selection buttons
andmessage selection buttoaeremovedand arereplaced by a read-write texiew into which the user
enters Smalltalk texand executes it irthe usual Smalltalkvay - by ®lecting the text [Figure 10] and
activating thedo it command from the pop up menu associated with the mouse button.

Drawing pad Code workspace

Figure 10: Pen world 5 removes object and message buttons and the student controls it by typing and
executing Smalltalk code.

The form of the Smalltalk statementsed to program world 5 is identical treat known to the
student from worlds &nd 4, and writing the prograrshould thus beasy. (Moreover, ithe student has
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problems, heanalwaysreturn to perworld 4 andhave thecodegenerated by clicking the buttons.) Still,
even experts make mistakasdstudents will thugun into problems - both synteandlogic errors.This

is a good place to shoand explain thenost common ones, introdutiee concept ofthe debugger, and
use it.

Pen world 5 also introducdbe standarcbperate pop upmenu with itsdo it command (to
execute selected text), teediting commandsnd theinspectcommand. Thénspectcommand opens the
standard Smalltalk whicprovides access tall properties of theselected object. As aexample, if the
user inspects a peobject, an inspector as iRigure 11 will open. Thigjives us an opportunity to
introduce further concepts:

* Internal properties of objects are stored in named instance variables.

» Values of instance variables are objects such as numbers, points, and colors.

» Being objects, values dfistance variablemay themselves hauastance variableahose values are
otherobjects,and so on. As aaxample, by opening an inspector on plusition object[Figure 11],
we find thatpositionis aPoint objectwhich hastwo instance variablethat can again beiewed by
the inspector, and so on. This introduces the idebjetts amggregatef otherobjectsand further
reinforces the parvasiveness of objects.

* For completeness we must expléiat self - the first item on the list in each inspectaindow - is
the receiver itself and that it is a very important object in Smalltalk programs.

delay

incrernent

hornePosition
ar

speed
up + +

Figure 11: Smalltalk inspector on a pen object shows that pen is an aggregate object with many
components..

As we mentioned earlier, we do not fitidat penworld 5 is sufficient to introduc¢he one
remaining essentiatoncept - polymorphism - in a satisfactomay. In our view, students should
understand polymorphism as thhility of different kinds obbjects tounderstand the sanmessage and
respond to it in essentialthe samavay but in amanner appropriate to their nature. In the penld,
eraserandpens arevery differentobjectsthatdon’t share any functionalitgndthey are thus unsuitable
to introduce polymorphism. A Pdactoryand an Erasefactory bothunderstandnessageew andboth
respond to it in the sameay (create a newobject) buteach in itsown way: APenfactory create pens
whereas an Eraséactory creategrasers. Although this is good example of polymorphism, it is not
sufficient to demonstrate its full implications. Rbis purpose, we thus created another microworld - the
geo world.

Thegeo world isagain a drawingvorld but it uses pre-defineabjects -ellipsesandrectangles -
drawn in the drawing pad. In addition, tb@lector object allowshe user to seleabjects inthe drawing
pad andcollectthem into a collectionBesidesthe messagecollect the collector also understands all
messages understood by ellipsesirectangles (moving, coloring, strokirad filling) but applies them
to all elements of the collection. Ahis point in thecourse, we explaithat toexecute a message such as
stroke (Changes anbject tostrokedrather tharfilled representation), theollector sends messagke to
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each element of its collection. Each element of the collection understands this message (tHeastaaent
opportunity to testhis on individualellipsesandrectanglesandobeys it inthe samavay (converts itself
to a stroked object) but ellipses clearly ttas differently than rectangles. This applies to all other
messageandshows how powerful polymorphism is - it allows us to deih a variety ofobjects in the
sameway without having to distinguishetweertheir naturealwaysproviding the desired result - if the
objects are properly defined, of course.

As we mentionedefore,the geo world also atiws us todemonstrate theoncepts presented in
the perworld in a different contexand possibly enrich them. As axmample, thenoveaction in the geo
world is implemented by keyword messaggeTo:extent: With two arguments [Figure 12], and so on.

= Geo world number 4 M=

Drawing pad Selected object: nil

Available obhjects Properties

| class Rectangle || rectangle || e I

| clazz Ellipse I| ellipze I

| class Collector I| collector I

Select receiver object

Smalltalk statement

| ellipsel rectanglel | i
rectanglel ;= GeoRectangle new. =
rectanglel moveTo: 15E11 extent: 5353,

ellipsel ;= GeoEllipse new ¥

Figure 12: Geo worlds are useful to present concepts from pen worlds in a different context.
The Collector object is a good illustration of the power of polymorphism.

5 Conclusion

The concept of microworldhasbeen used by severalthors in the past and veescribed a
variation on theprevious implementation©ur microworldsare intendedor teachingconcepts obbject
oriented programmingndfundamentals of Smalltalandour approach differs fromreviously described
microworlds in the following ways:

* We use several complementary worlds, each organizted an orderedsequence of stages of
development.

+ Eachsequence begins with @asy tounderstand intuitive world in whicthe studentchieves the
equivalent of programming by clicking buttons.

» From a completelynon-programming environment, osequence evolves to displaytomatically
generated code and eventually leads to an environment in which the user programs actions equivalent
to control by buttons.

+ The environmenprogressively introduces OOP concepts, elementhefSmalltalk language, and
tools of the Smalltalk environment.

We have developedur microworlds for use in a course &malltalk for Computer Science

students. Our intention is tsethemonly for a veryshort introductorypart of thecourseand therteach
the language using the full environment. Asomsequence, our microworldse simpleand the amount
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of language thathey introducevery limited. In fact, from the point ofiew of the language itself, the
purpose of our microworlds is mainly sowwhat Smalltalklooks like rather thantry to teachit. In
principle, however there is no reasowhy our approach couldot be used to present much more of the
language. We think that thigtrategy could be useful father audiences such as students in computer
literacy coursesThe Smalltalk environment or its restrictedbset would be a perfect vehicle fhis
because it is easy txtend,andbecause it allowthe student t@roceed to studgmalltalk itself - a real
and increasingly popular programming language.

Our plansfor the future include testing oumicroworlds inthe classroommodifying the user
interface if this appears desirabéad creating additionahicroworlds to provide new demonstrations of
the conceptsthat we want to present. Weill also examine whether our division infive stages is
appropriate for our purpose.
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