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1 Intr oduction

Max Clowesdied of a heartattackon Tuesday28th April 1981. He wasone of
the bestknown British researchers Artificial Intelligence having donepioneer
ing work on the interpretationof picturesby computers.His mostapproachable
publicationis cited belon. He wasan inspiring teacherand colleague and will
berememberedor mary yearshby all who workedwith him. He helpedto found
AISB, the British societyfor the studyof Artificial Intelligenceandthe Simula-
tion of Behaviour, now expandedo a Europearsociety This tributeis concerned
mainly with his contrilution to education.

He wasoneof thefoundermember®f the Cognitive StudiesProgramméddegun
in 1974atthe University of Suss&, a novel attemptto bring togethera variety of
approachew thestudyof Mind, namelyPsychologyLinguistics,Philosoply and
Artificial Intelligence. During the lastfew yearshis interestscentredmainly on
the procesof teachingcomputingto absolutebeginners,includingthosewithout
amathematicabr scientificbackgroundHe wasoneof the mainarchitectsof the
Sussg& University POP11teachingsystem(alongwith Steve Hardy and myself),

'Now at the University of Birminghamhttp://www.cs.bham.ac.uk/ axsl discoreredan electronicversionof this
article amongsomeold files recentlyandthoughtit would be usefulto make it availableonline, at leastfor people
who remembemMax, andperhapsthers.| have addeda few footnotes puttingthe text in the context of subsequent
developments.

2The Cognitive StudiesProgrammewas foundedby Max Clowes and othersat the University of Sussg& asa
cross-disciplinaryundegraduatgprogrammewithin the Schoolof Social Studies. Later, a few yearsafter he died it
becamea separaté&Schoolof Cognitive SciencesWithin afew yearsit hadenlagedfurtherandbecomewhatis now
known as COGS, The Schoolof Cognitive and ComputingScienceswith aninternationalreputation. But for the
earlyinspirationinfluenceof Max Clowesit would never have existed. My own role in its developmentwasa direct
consequencef theinfluenceMax hadin changingmy researchdirection,from about1969




which hasgraduallyevolved sincel1975. In this brief tribute, | shall sketchsome
mainfeaturesf the systemandhint atthe uniqueflavour contributedby Max.

POP1lembodiesa philosoply of computereducationwhich is relatvely un-
usual. It includesalanguagea program-deelopmentervironment,anda collec-
tion of teachingmaterialsincluding help facilities, much on-line documentation,
andalargecollectionof exercisesandmini-projects.Unfortunatelyit is atpresent
availableonly onaPDP11computerunningthe Unix operatingsystemthougha
versionnow beingwritten in C shouldbe availablefor useon a VAX by theend
of thisyear®

Whenwe startedplanningthe system,in 1974, we were muchinfluencedby
the writings of JohnHolt (seereferencest end),thework on LOGO at MIT by
SeymourPapertandcolleaguesandat Edinburgh University by Sylvia Weir, Tim
O’SheaandJimHowe.

Theseinfluencedour corviction thatlearnersof all agesshouldbe treatednot
like pigeonsbeingtrainedby a scheduleof punishmentndreward, but like cre-
ative scientistsdriven by deepcuriosity and using very powerful cognitive re-
sources. This entailedthat learnersshould not be forced down predetermined
channelsput ratherprovidedwith arich andhighly structuredernvironment,with
plenty of opportunitieso choosetheir own goals,assessheir achiezementsand
learnhow to do betternext time throughanalysisof failures.

Althoughtheseneedscanto someextentbe metby mary olderlearningenvi-
ronments(e.g. meccancsets,learninga musicalinstrument,projects),the com-
puterseemedo be potentiallyfar more powerful, on accountof its speed flexi-
bility, reactvenessandability to modelmentalprocessesinsteadof makingtoy
cranesor toy aeroplanespr dolls, studentscould make toy minds.

Unlike educationaphilosophieswvhich stressfree expression’,this approach
stresseslisciplined,goal oriented,technicallysophisticatedactwvities with high
standard®f rigour: programswill not work if they arebadly designed.Yet the
computerallows free expressiorto the extentthat studentscanchoosetheir own
goals,andtheir own solutionsto the problems,andthe computerwill patiently
more patientlythanary teacherpay detailedattentionto whatthe studentdoes,
andcommentaccordingly by producingerror messagesr runningthe program
andproducingwhaterer outputis required.Of course error messageseedto be
far morehelpful thanin mostprogrammingenvironmentsandthe systemshould

3Note added2001: In fact the versionin C proved to be a temporarybridge towards a Pop1lin Popll
compiler subsequentlydeveloped by John Gibson, which becamethe core of the multi-languagePoplog sys-
tem, which was later sold world wide. It is now available free of chage with full system sourcesat
http://www.cs.bham.ac.uk/researchfpog/freemplog.htm wheremuch of the still useful Al teachingmaterialhas
its rootsin his approacho teach.E.g. http://www.cs.bham.ac.uk/researcbfgog/teactiriver




malke it easyfor the studentto make changesto explore ‘wherethe programhas
got to’, andto try out modificationsand extensionswithout a very lengthy and
tediousedit compileandrun cycle.

Theseideasareembodiedn a course,Computes and Thought offeredasan
unassesseabptionalfirst yearcoursefor studentsnajoringin HumanitiesandSo-
cial Sciencesubjects.By makingthe computerdo someof the thingspeoplecan
do, like play games,make plans, analysesentencesinterpretpictures,the stu-
dentslearnto think in a new way abouttheir own mentalprocessesMax putthis
by sayingthat he aimedto getstudentdo ‘experiencecomputation’andthereby
to ‘experiencethemseles as computation* In otherwords, our answerto the
students question'Doesthatmeani’m a computer?’is ‘Yes'. Of coursepeople
are far more intricate, varied, flexible, and powerful than any man-madecom-
puter Yetno othercurrentlyavailableframavork of conceptss powerful enough
to enableusto understananemory perceptionjearning,creatvity andemotions.

2 Choosingalanguage

Part of the LOGO philosoply wasthatbeginnersplayingwith computersneeded
a very powerful language makingit easyto performinterestingtasksquickly.
(SeePapert). Interestingtasksinclude building ‘toy minds’. Thuswe neededa
languagewhich is interactve and provides procedureswith recursionand local
variables andfacilitiesfor non-numericaproblemsolving,suchaslist manipula-
tion. This rulesout BASIC. LOGO is muchmore powerful, but, we felt, did not
go far enough:afterall, it wasdesignedor children,so it could not be power-
ful enoughfor children! PASCAL wasruled out astoo unfriendly andevenless
powerful thanLOGO. (E.g. the type structuremakesit impossibleto programa
general-purposeést-processingpackage:the packagehasto be re-implemented
for numberswords, lists etc.) We did not know aboutAPL. It might have been
a candidatethoughits excessvely compressegdyntaxwhich delightsmathemati-
ciansis hardlyconducve to easylearningby themathematicallymmature.More-
overit appearso have beendesignedgrimarily for mathematicahpplicationsand
doesnotseento have suitableconstructandfacilitiesfor ourpurposesPROLOG
would have beenconsiderechadanimplementatiorbeenavailable,thoughit too
Is gearedoo muchtowardsa particularclassof problems,andis hardto usefor
others.

4Someyearslater, ideasthathaddevelopedout of the courseappearedn a book: SharplesM. Hogg, D. Hutchi-
son,C.Torrance,SyYoung,D.Computes and Thought: a practical introductionto Artificial IntelligenceMIT Press
1989.Many studentsstill find this bookanexcellentrouteinto Al andcomputationatognitive science.




We thereforereducedthe choiceto LISP and POP2,and settledfor the latter
becausef its cleaner moregeneralemanticge.g. functionsareordinaryvalues
of variables),more naturalsyntax,and cornvenienthigherlevel facilities suchas
partial-applicationand powerful list-constructorgBurstall et. al). A subsetof
POP2was implementedon a PDP11/40by Steve Hardy, and then extendedto
provide a pattern-matcheidatabaseandotherusefulfeatures.We now feel that
the power of PROLOG (seeKowalski 1979)shouldbe availableasa subsystem
within POR andareplanningextensiongor the VAX version?

3 Morethan just alanguage

Fromthe startwe intendedto provide a wide rangeof facilitiesin thelibrary, so
thatstudentsouldeasilywrite programgo dothingswhichinterestedhem:drav
picturesanalysepictures play gameshave corversationselatingto adatabasef
knowledge etc. We soonalsofoundthe needfor help-facilities,on-linedocumen-
tation of mary kinds, anda simple, non authoritarianteachingprogram(written
in POP11,and calling the compileras a subroutineto executethe students in-
structions) which could, for somelearnersfeel lessdauntingthana twenty page
printedhandout.

Oneof theideasthatplayedanimportantrole in our teachingstratgy wasan
analogybetweenlearninga programminglanguage and learninga naturallan-
guage like English. The latter doesnot requireformal instructionin the syntax
andsemanticof the language.The humanmind seemdo posseswyery power-
ful capacitiedor absorbingevena very complex formalismthroughfrequentand
fruitful use So, insteadof startingwith lectureson the languagewe decidedto
give thestudentexperienceof usingthelanguageo getthecomputerto dothings
we hopedwould make sensdo them. Sothey wereencouragedo spenda lot of
time at the terminal, trying out commanddo draw pictures,generatesentences,
createandmanipulatdists, etc,andasthey developedconfidenceto startworking
towardsmini-projects.Extendingor modifying inadequat@rogramsroducedoy
the teacher(or otherstudentsprovidesa meansof gaining flueng/ without hav-
ing to build up everythingfrom the mostprimitive level. Naturally this did not
work for everyone. Somepreferredto switch at an early stageto learningfrom
moreformal documentationSomefound the pain of even minor errorsandfail-
urestoo traumaticandneededalmostto be draggedoackto try again - oftenwith
someeventualsuccessSome apparentlyhadinsuperablentellectuallimitations,

SChrisMellish implementeda Prologin Pop-11in 1981,andafterthatthe systemcombiningbothlanguagesame
to beknown asPoplog.Later, otherlanguagesvereadded.




at leastwithin the time-scalesvailablefor themto try learningto program. But
mary studentdoundit avery valuablemind-stretchingexperience.

Oneof the waysin which Max contributedto this was his insistencehatwe
try to selectapproacheandtaskswhich weregoingto be morethanjustatrivial
gamefor the student.He wasableto devise programmingexerciseswvhich could
be presentedspowerful metaphorgor importanthumanmentalprocesses such
asthe pursuitof goals,the constructionof plans,the perceptionandrecognition
of objectsaroundusandtheinterpretatiorof language He would startthe ‘Com-
putersand Thought’ courseby introducingstudentsto a simple puzzle-solving
programanderectthereona highly motivating interpretation:treatingit asa mi-
crocosmof reallife, includingthe students own goal-directedactvities in trying
to createa working program. (Perhapghis is not unconnectedavith a slogan he
defendedduring his earlierwork on humanand machinevision: “Perceptionis
controlled hallucination”— hallucinatingcomplec interpretationonto relatvely
simple programshelpsto motivatethe studentsandgive thema feel for thelong
termpotentialof computing).

Moreover, he alwaystreatedteachingandlearningas morethanjust anintel-
lectual process:deepemotionsareinvolved, and needto be acknavledged. So
hetried to help studentonfronttheir emotionsof anxiety shamefeelinginade-
guate etc.,anddevisedwaysof presentingnaterial,andrunningseminarsyhich
wereintendedto help the studentsbuild up confidenceaswell asunderstanding
andskills. Thereis nodoubtthatfor mary studentsheresultwasanunforgettable
learningexperience Whetherthey becamesxpertprogrammersr not, they were
changedgersonswith anew view of themseles,andof computing.Someof this
wasdueto hisinimitable personality In additionhe adwocatedstratgiesnot used
by mary universityteachersatary rate: suchashelpingall the studentsn aclass
to getto know oneanotherprefacingcriticismswith very encouragingomments,
and helping studentscopewith their own feelingsof inadequag by seeingthat
othershadsimilarinadequacieandsimilar feelingsaboutthem,whilst accepting
thatsuch'bugs’werenotnecessarilyany morepermanenthanbugsin acomputer
program.

As ateached found myselfnenouslytreadingseveralfootstepsehindhim -
too literal-mindedto bewilling to offer studentshis metaphorsvithout qualifica-
tion, yetbenefittingin mary waysfrom his suggestionandteachingpractice.

Justbeforehe left Suss& we hada farewell party at which he expressedhe
hopethatwe would never turn our coursesnto merecomputerscience.Thereis
little risk of that,for we have learntfrom him how a differentapproactcaninspire
andmotivatestudents.The computersciencecancomeat a later stage- for those



whoneedt. For mary, who maybeteachersmanagersadministratorsetc. rather
thanprogrammersr systemsanalyststheformalitiesof computersciencearenot
necessaryWhatis necessarys a goodqualitatve understandingf the rangeof

typesof thingsthat canbe doneon computersandsufficient confidenceto face
afuturein which computationn mary formswill play anincreasinglyimportant
role.

None of this shouldbe taken as a claim that the teachingsystembasedon
POP11,usedby Max andtherestof us,is arywherenearperfect. We areaware
of mary flaws, someof which we feel we canremedy But thereis still a great
dealof exploring to be done,in the searchfor a goodlearningervironment,and
goodlearningexperiences.Moreover, we don’t know how far whatis goodfor
novice Arts university studentswould also be goodfor schoolchildren, though
several have playedwith our systemandenjoyedit. We arestill in the process
of improving the POPvirtual machineto make it a morenaturaltool for thinking
aboutprocessesrThisis anever-endingtask. Probablyalanguages neededvhich
canbe‘disguised’'to presenasimplerinterfacefor theyoungestearnerswithout
sacrificingthe power to do interestingthings very quickly. To someextentthe
‘macro’ facility in POP(seeBurstallet. al.) makesthis possible.

4 Computing in Schools?

In Decemberl980 Max left Suss®, to join a projecton computingin schools.
Although! don't know exactly whathis planswere,| feel thathewould probably
have fed mary importantnew ideasinto the educationakbystem. New ideasare
surelyneededfor teachingchildrento programin BASIC is like teachingthem
to climb mountainswith their feettied together:the permittedstepsare so very
small. Moving towardsCOMAL will merelyloosenthe ropesa little. Teaching
them PASCAL will loosenthe ropesa lot more, but add heavry weightsto their
feet: taking somebig stepsis possiblein PASCAL, but unnecessarilgifficult.
And somethingsarenot possible asmentionedoreviously.

The problemsof providing betterteachinglanguagesand teachingenviron-
mentsare enormous,since available computersare much too small, and there
Is too little expertiseon tap in schools. | think Max might have tried to press
for fundsto be divertedfrom stand-alonenicrocomputergo larger, sharedma-
chinesor networks, makingavailablebettedanguagessharedibraries,largerad-
dressspacesndincreaseapportunitiedor learnergo helponeanotherincluding
teachersThis maybemoreexpensve: but whatcouldbeamoreimportantuseof
computers?



Sucha system,basedon a DEC 11/23,runningthe UNIX operatingsystem,
hasjust beenintroducedat MarlboroughCollege, partly asa resultof Max’s in-
spiration. It will beinterestingto watchwhathappenghere. Maybewe’ll learn
from thathow to usethe newer, cheaperbigger fastersystemshatwill shortly
be on the market. Let us hopethe existing pury machineswith theirinadequate
languagesvill not have turnedtoo mary peopleoff computingfor life.
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