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1 Intr oduction

Max Clowesdied of a heartattackon Tuesday28th April 1981. He wasoneof
thebestknown British researchersin Artificial Intelligence,having donepioneer-
ing work on the interpretationof picturesby computers.His mostapproachable
publicationis cited below. He wasan inspiring teacherandcolleague,andwill
berememberedfor many yearsby all who workedwith him. He helpedto found
AISB, the British societyfor the studyof Artificial Intelligenceandthe Simula-
tion of Behaviour, now expandedto aEuropeansociety. This tributeis concerned
mainlywith hiscontribution to education.

Hewasoneof thefoundermembersof theCognitiveStudiesProgrammebegun
in 1974at theUniversityof Sussex, a novel attemptto bring togethera varietyof
approachesto thestudyof Mind, namelyPsychology, Linguistics,Philosophy and
Artificial Intelligence. During the last few yearshis interestscentredmainly on
theprocessof teachingcomputingto absolutebeginners,includingthosewithout
amathematicalor scientificbackground.Hewasoneof themainarchitectsof the
Sussex UniversityPOP11teachingsystem(alongwith Steve Hardyandmyself),

1Now at theUniversityof Birminghamhttp://www.cs.bham.ac.uk/˜axs/.I discoveredanelectronicversionof this
article amongsomeold files recentlyandthoughtit would be usefulto make it availableonline,at leastfor people
who rememberMax, andperhapsothers.I have addeda few footnotes,putting the text in thecontext of subsequent
developments.

2The Cognitive StudiesProgramme,was foundedby Max Clowesand othersat the University of Sussex as a
cross-disciplinaryundergraduateprogrammewithin theSchoolof SocialStudies.Later, a few yearsafterhedied it
becamea separateSchoolof Cognitive Sciences.Within a few yearsit hadenlargedfurtherandbecomewhatis now
known asCOGS,The Schoolof Cognitive andComputingSciences,with an internationalreputation. But for the
early inspirationinfluenceof Max Clowesit would never have existed. My own role in its developmentwasa direct
consequenceof theinfluenceMax hadin changingmy researchdirection,from about1969



which hasgraduallyevolvedsince1975. In this brief tribute,I shallsketchsome
mainfeaturesof thesystem,andhint at theuniqueflavourcontributedby Max.

POP11embodiesa philosophy of computereducationwhich is relatively un-
usual.It includesa language,a program-developmentenvironment,anda collec-
tion of teachingmaterialsincludinghelp facilities,muchon-linedocumentation,
andalargecollectionof exercisesandmini-projects.Unfortunately, it is atpresent
availableonly onaPDP11computerrunningtheUnix operatingsystem,thougha
versionnow beingwritten in C shouldbeavailablefor useon a VAX by theend
of thisyear.3

Whenwe startedplanningthe system,in 1974,we weremuchinfluencedby
thewritings of JohnHolt (seereferencesat end),thework on LOGO at MIT by
SeymourPapertandcolleagues,andatEdinburghUniversityby SylviaWeir, Tim
O’Shea,andJim Howe.

Theseinfluencedour conviction that learnersof all agesshouldbetreatednot
like pigeonsbeingtrainedby a scheduleof punishmentandreward,but like cre-
ative scientistsdriven by deepcuriosity and using very powerful cognitive re-
sources. This entailedthat learnersshouldnot be forced down predetermined
channels,but ratherprovidedwith a rich andhighly structuredenvironment,with
plentyof opportunitiesto choosetheir own goals,assesstheir achievements,and
learnhow to dobetternext time throughanalysisof failures.

Althoughtheseneedscanto someextentbemetby many older learningenvi-
ronments(e.g. meccanosets,learninga musicalinstrument,projects),the com-
puterseemedto be potentiallyfar morepowerful, on accountof its speed,flexi-
bility, reactivenessandability to modelmentalprocesses.Insteadof makingtoy
cranesor toy aeroplanes,or dolls,studentscouldmake toy minds.

Unlike educationalphilosophieswhich stress‘free expression’,this approach
stressesdisciplined,goal oriented,technicallysophisticated,activities with high
standardsof rigour: programswill not work if they arebadly designed.Yet the
computerallows freeexpressionto theextent thatstudentscanchoosetheir own
goals,andtheir own solutionsto the problems,andthe computerwill patiently,
morepatientlythanany teacher, pay detailedattentionto what the studentdoes,
andcommentaccordingly, by producingerrormessages,or runningtheprogram
andproducingwhatever outputis required.Of course,errormessagesneedto be
far morehelpful thanin mostprogrammingenvironments,andthesystemshould

3Note added2001: In fact the version in C proved to be a temporarybridge towards a Pop11 in Pop11
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 charge with full system sourcesat
http://www.cs.bham.ac.uk/research/poplog/freepoplog.html wheremuchof the still usefulAI teachingmaterialhas
its rootsin his approachto teach.E.g. http://www.cs.bham.ac.uk/research/poplog/teach/river
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make it easyfor thestudentto make changes,to explore ‘wheretheprogramhas
got to’, and to try out modificationsandextensionswithout a very lengthy and
tediousedit compileandruncycle.

Theseideasareembodiedin a course,Computers andThought, offeredasan
unassessedoptionalfirst yearcoursefor studentsmajoringin HumanitiesandSo-
cial Sciencesubjects.By makingthecomputerdo someof thethingspeoplecan
do, like play games,make plans,analysesentences,interpretpictures,the stu-
dentslearnto think in a new way abouttheir own mentalprocesses.Max put this
by sayingthatheaimedto getstudentsto ‘experiencecomputation’andthereby
to ‘experiencethemselvesascomputation’.4 In otherwords,our answerto the
student’s question‘Does thatmeanI’m a computer?’is ‘Yes’. Of coursepeople
are far more intricate, varied, flexible, and powerful than any man-madecom-
puter. Yet no othercurrentlyavailableframework of conceptsis powerful enough
to enableusto understandmemory, perception,learning,creativity andemotions.

2 Choosinga language

Part of theLOGO philosophy wasthatbeginnersplayingwith computersneeded
a very powerful language,making it easyto perform interestingtasksquickly.
(SeePapert). Interestingtasksincludebuilding ‘toy minds’. Thuswe neededa
languagewhich is interactive andprovidesprocedureswith recursionand local
variables,andfacilitiesfor non-numericalproblemsolving,suchaslist manipula-
tion. This rulesout BASIC. LOGO is muchmorepowerful, but, we felt, did not
go far enough:after all, it wasdesignedfor children,so it could not be power-
ful enoughfor children! PASCAL wasruledout astoo unfriendlyandeven less
powerful thanLOGO. (E.g. the typestructuremakesit impossibleto programa
general-purposelist-processingpackage:the packagehasto be re-implemented
for numbers,words,lists etc.) We did not know aboutAPL. It might have been
a candidate,thoughits excessively compressedsyntaxwhich delightsmathemati-
ciansis hardlyconduciveto easylearningby themathematicallyimmature.More-
over it appearsto havebeendesignedprimarily for mathematicalapplications,and
doesnotseemto havesuitableconstructsandfacilitiesfor ourpurposes.PROLOG
would have beenconsideredhadanimplementationbeenavailable,thoughit too
is gearedtoo muchtowardsa particularclassof problems,andis hardto usefor
others.

4Someyearslater, ideasthathaddevelopedout of thecourseappearedin a book: Sharples,M. Hogg,D. Hutchi-
son,C.Torrance,S,Young,D.Computers and Thought: a practical introductionto Artificial IntelligenceMIT Press
1989.Many studentsstill find this bookanexcellentrouteinto AI andcomputationalcognitivescience.
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We thereforereducedthe choiceto LISP andPOP2,andsettledfor the latter
becauseof its cleaner, moregeneralsemantics(e.g. functionsareordinaryvalues
of variables),morenaturalsyntax,andconvenienthigher-level facilities suchas
partial-applicationand powerful list-constructors(Burstall et. al). A subsetof
POP2was implementedon a PDP11/40by Steve Hardy, and then extendedto
provide a pattern-matcher, database,andotherusefulfeatures.We now feel that
the power of PROLOG (seeKowalski 1979)shouldbe availableasa subsystem
within POP, andareplanningextensionsfor theVAX version.5

3 Mor e than just a language

Fromthestartwe intendedto provide a wide rangeof facilities in the library, so
thatstudentscouldeasilywrite programsto dothingswhichinterestedthem:draw
pictures,analysepictures,playgames,haveconversationsrelatingto adatabaseof
knowledge,etc.Wesoonalsofoundtheneedfor help-facilities,on-linedocumen-
tation of many kinds, anda simple,non authoritarianteachingprogram(written
in POP11,andcalling the compilerasa subroutineto executethe student’s in-
structions),which could,for somelearners,feel lessdauntingthana twentypage
printedhandout.

Oneof theideasthatplayedan importantrole in our teachingstrategy wasan
analogybetweenlearninga programminglanguage,and learninga naturallan-
guage,like English. The latter doesnot requireformal instructionin the syntax
andsemanticsof the language.The humanmind seemsto possessvery power-
ful capacitiesfor absorbingevena very complex formalismthroughfrequentand
fruitful use. So, insteadof startingwith lectureson the language,we decidedto
givethestudentsexperienceof usingthelanguageto getthecomputerto dothings
we hopedwould make senseto them. Sothey wereencouragedto spenda lot of
time at the terminal, trying out commandsto draw pictures,generatesentences,
createandmanipulatelists,etc,andasthey developedconfidence,to startworking
towardsmini-projects.Extendingor modifying inadequateprogramsproducedby
the teacher(or otherstudents)providesa meansof gainingfluency 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 documentation.Somefoundthepainof evenminor errorsandfail-
urestoo traumaticandneededalmostto bedraggedbackto try again - oftenwith
someeventualsuccess.Some,apparently, hadinsuperableintellectuallimitations,

5ChrisMellish implementedaPrologin Pop-11in 1981,andafterthatthesystemcombiningbothlanguagescame
to beknown asPoplog.Later, otherlanguageswereadded.
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at leastwithin the time-scalesavailablefor themto try learningto program.But
many studentsfoundit averyvaluablemind-stretchingexperience.

Oneof the waysin which Max contributedto this washis insistencethat we
try to selectapproachesandtaskswhich weregoingto bemorethanjust a trivial
gamefor thestudent.He wasableto deviseprogrammingexerciseswhich could
bepresentedaspowerful metaphorsfor importanthumanmentalprocesses- such
asthe pursuitof goals,the constructionof plans,the perceptionandrecognition
of objectsaroundusandtheinterpretationof language.Hewould startthe‘Com-
putersand Thought’ courseby introducingstudentsto a simple puzzle-solving
programanderectthereona highly motivating interpretation:treatingit asa mi-
crocosmof real life, includingthestudent’s own goal-directedactivities in trying
to createa working program. (Perhapsthis is not unconnectedwith a slogan he
defendedduring his earlierwork on humanandmachinevision: “Perceptionis
controlledhallucination”– hallucinatingcomplex interpretationsonto relatively
simpleprogramshelpsto motivatethestudentsandgive thema feel for the long
termpotentialof computing).

Moreover, healwaystreatedteachingandlearningasmorethanjust an intel-
lectualprocess:deepemotionsare involved, andneedto be acknowledged. So
hetried to helpstudentsconfronttheir emotionsof anxiety, shame,feelinginade-
quate,etc.,anddevisedwaysof presentingmaterial,andrunningseminars,which
wereintendedto help the studentsbuild up confidenceaswell asunderstanding
andskills. Thereis nodoubtthatfor many studentstheresultwasanunforgettable
learningexperience.Whetherthey becameexpertprogrammersor not, they were
changedpersons,with anew view of themselves,andof computing.Someof this
wasdueto his inimitablepersonality. In additionheadvocatedstrategiesnot used
by many universityteachersat any rate:suchashelpingall thestudentsin aclass
to getto know oneanother, prefacingcriticismswith veryencouragingcomments,
andhelpingstudentscopewith their own feelingsof inadequacy by seeingthat
othershadsimilar inadequaciesandsimilar feelingsaboutthem,whilst accepting
thatsuch‘bugs’werenotnecessarilyany morepermanentthanbugsin acomputer
program.

As a teacherI foundmyselfnervouslytreadingseveral footstepsbehindhim -
too literal-mindedto bewilling to offer studentshis metaphorswithout qualifica-
tion, yetbenefittingin many waysfrom hissuggestionsandteachingpractice.

Justbeforehe left Sussex we hada farewell party, at which he expressedthe
hopethatwe would never turn our coursesinto merecomputerscience.Thereis
little risk of that,for wehavelearntfrom him how adifferentapproachcaninspire
andmotivatestudents.Thecomputersciencecancomeat a laterstage- for those
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whoneedit. For many, whomaybeteachers,managers,administrators,etc.rather
thanprogrammersor systemsanalysts,theformalitiesof computersciencearenot
necessary. What is necessaryis a goodqualitative understandingof the rangeof
typesof thingsthat canbe doneon computers,andsufficient confidenceto face
a futurein which computationin many formswill play anincreasinglyimportant
role.

None of this shouldbe taken as a claim that the teachingsystembasedon
POP11,usedby Max andtherestof us, is anywherenearperfect.We areaware
of many flaws, someof which we feel we canremedy. But thereis still a great
dealof exploring to bedone,in thesearchfor a goodlearningenvironment,and
goodlearningexperiences.Moreover, we don’t know how far what is goodfor
novice Arts university studentswould alsobe good for schoolchildren, though
several have playedwith our systemandenjoyed it. We arestill in the process
of improving thePOPvirtual machineto make it a morenaturaltool for thinking
aboutprocesses.This is anever-endingtask.Probablyalanguageis neededwhich
canbe‘disguised’to presentasimplerinterfacefor theyoungestlearners,without
sacrificingthe power to do interestingthingsvery quickly. To someextent the
‘macro’ facility in POP(seeBurstallet. al.) makesthis possible.

4 Computing in Schools?

In December1980Max left Sussex, to join a projecton computingin schools.
AlthoughI don’t know exactly whathis planswere,I feel thathewould probably
have fed many importantnew ideasinto the educationalsystem.New ideasare
surelyneeded,for teachingchildrento programin BASIC is like teachingthem
to climb mountainswith their feet tied together:the permittedstepsareso very
small. Moving towardsCOMAL will merelyloosenthe ropesa little. Teaching
themPASCAL will loosenthe ropesa lot more,but addheavy weightsto their
feet: taking somebig stepsis possiblein PASCAL, but unnecessarilydifficult.
And somethingsarenot possible,asmentionedpreviously.

The problemsof providing better teachinglanguagesand teachingenviron-
mentsare enormous,sinceavailable computersare much too small, and there
is too little expertiseon tap in schools. I think Max might have tried to press
for fundsto be divertedfrom stand-alonemicrocomputersto larger, shared,ma-
chines,or networks,makingavailablebetterlanguages,sharedlibraries,largerad-
dressspacesandincreasedopportunitiesfor learnersto helponeanother, including
teachers.Thismaybemoreexpensive: but whatcouldbeamoreimportantuseof
computers?
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Sucha system,basedon a DEC 11/23,runningthe UNIX operatingsystem,
hasjust beenintroducedat MarlboroughCollege,partly asa resultof Max’s in-
spiration. It will be interestingto watchwhathappensthere. Maybewe’ll learn
from that how to usethe newer, cheaper, bigger, fastersystemsthat will shortly
be on the market. Let us hopethe existing puny machineswith their inadequate
languageswill not have turnedtoo many peopleoff computingfor life.
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