page 1History in the Computer Science CurriculumJohn A. N. LeeProfessor of Computer ScienceDepartment of Computer Science, Virginia TechBlacksburg VA 24601-0106, U.S.A.Prepared for the 6th IFIP World Conference Computers in EducationBirmingham, EnglandJuly 24-29, 1995AbstractIFIP Working Group 9.7 (History of Computing) is charged with not only encouragingthe preservation of computer artifacts, the recording of the memoirs of pioneers, and the analysisof the downstream impact of computer innovations, but also on the development of educationalmodules on the history of computing. This paper presents an initial report on the study of thehistory of computing and informatics and preliminary proposals for the inclusion of aspects ofthe history of computing and informatics in the curriculum of university and college students.CR Categories: K.2. History of Computing, K.3. Computers and EducationKeywords: Curriculum, Case studies.

INTRODUCTIONThe impact of the informationrevolution on our society and our industry isimmense. In our increasing desire to controlour own destinies, we seek to understand notonly our contemporary technology, but alsoto recognize the past trends that will predictthe future. Looking backward to discoverparallels and analogies can provide the basisfor discovering the standards by which wejudge the viability and potential of a currentor proposed activity. Thus it is importantthat we consider the place of historical studyin the framework of the curriculum ofstudents of computer science andinformatics.The study of the history ofcomputing is now at the point where it is arespected element of the study of the historyof technology; our early researchers andscholars have been joined by severaleminent historians, and the field isproducing young scholars who bring furtherprestige to the field. For the first time thecurriculum for computer science, developedby the Association for ComputingMachinery (ACM) and IEEE ComputerSociety Joint Task Force in 1991, includedexplicit educational modules related tohistory in four1 areas:¥Artificial Intelligence,¥Operating Systems,¥Programming Languages, and¥ Social, Ethical and ProfessionalIssuesUnfortunately there is a stigma thatoften accompanies the decision of scholarsto study history after a career in science -- asuspicion that they are becoming senile!This is the same stigma that accompanies themovement of a faculty member to the studyof the educational needs of computerscience, or to studies of the social impact ofcomputing, concerns for the ethical issues inthe field, or writing as part of the

1 History was NOT included in relation toAlgorithms and Data Structures, (computer)Architecture, Database and InformationRetrieval, Human-Computer Communication,Numerical and Symbolic Computation, andSoftware Methodology and Engineering. Someof these are quite surprising; the history ofComputer Architecture, for example, hasbeen well researched and would provide aseries of case studies which would stronglyenhance this module.

page 2curriculum. Yet the study of history is asintense as that of the study of the sciencesand many of the techniques of searching andresearching, deduction and derivation areapplicable to many scholarly, scientificactivities. The difference, if any, is that thehistorian needs a bigger desk for the papersand more file space to store them! On theother hand, the techniques of historicalresearch differ little from the techniquesused in quality management reviews andsoftware history analyses.Toynbee�s clich� �Those who forgetthe lessons of history are doomed to repeatit� is an ambiguous concept. On the onehand, there are some lessons that need to beresurrected, repeated, and extended. Thereare others that, having been forgotten,ignored or put aside, are now in danger ofbeing repeated. We and our students need toknow enough about our history not only toprotect ourselves against it, but also to learnfrom it.THE HISTORY OF COMPUTINGTo those of us who got involved inresearching our history in the 1970�s, theinitial impetus was both curiosity and theexpectation that what we were to do wouldbe pleasurable. Our naivet� led us to believethat our data collection and preservationactivities constituted both the beginning andthe end of the process of historicalscholarship. It was (and still is) a pleasureto be able to talk to the pioneers and learn oftheir accomplishments, to have the means topreserve their stories and recognize theirachievements. To many of our colleagueshistory is only the study of an irrelevantpast, with no redeeming modern value -- asubject without useful scholarship. In factsome pioneers themselves chose not toparticipate in preserving their storiesclaiming that they were more interested inthe future than the past, and that scienceprogresses to overcome its past. Even aneminent historian of technology commentedthe �Computer history is too recent toforget�.Contemporary history is the activitythat allows us to look behind us and torecognize, in their lifetime, our pioneers andtheir contributions. At the same time thedelay between the instant of the innovationand the date of review allows us to viewhistory from a reasonable distance -- toincrease our objectivity, to improve ourability to compare against paralleldevelopments, and to recognize thedownstream impact on today�s technology.THE HISTORY OF FAILUREJohn Backus, creator of Fortran andfunctional programming said in hisacceptance speech on receiving the 1994Charles Stark Draper Award:In science and all creative work we fail-- again and again. For eachsuccessful idea, we usually havedozens of others that don’t work, nomatter how hard we struggle. But infailing we learn a lot.Computer science2 is somewhatunique in that thirty years ago we could startfrom first principles and give the studenteverything there was to know aboutcomputing. We could show students thebest route to a solution for a problem; therewere very few alternative paths and thewrong paths were quickly obvious. Foranyone who has been in the field for morethan a few years, the lessons learned are thelessons, not of documentation, but ofexperience. Experience, that is, of havingmade mistakes, having made the wrongdecisions, and occasionally of havingachieved the hoped for goal. James Horningsaid of the relationship between experienceand mistakes:Good Judgment Comes fromExperienceExperience Comes from BadJudgmentYet few of our courses in a universitycurriculum use examples of failures as partof their learning system. Students makemistakes themselves truly, but the failures ofthe past are important learning tools. Failuremay teach us as much as success but it takesa particular style of learning to appreciateand use that information appropriately. It is

2 It is, of course, an example of Whiggism totalk about Computer Science in 1960 - theconcept may have been there, but not theterm!

page 3tantamount to the problems solved and thetheorems proved by the method of�contradiction�.However, much of our history is thehistory of successes; our technical journalsare commonly repositories of reports ofsuccessful ventures, of the concepts thatappear to have wide applicability to practice,and to projects that have been determined bypeer review to promise the future. In fact,little of our literature or open recordscontains information on the motivation, theinnovation, and the decision making that ledto commercial products, to newmethodologies, and significant researchresults. Personal interactions drive people;people make decisions; people make uporganizations; but in the literature it oftenappears that organizations somehow makedecisions. Read almost any copy of thecurrent research literature, and one mustconclude that ideas appear unsummoned,only one train of thought led toenhancements, and the whole developmentof the topic proceeded without any side tripsor dead ends. We know from our ownexperiences that this is patently not the casefor anything more than the most trivialexperiment. There is a possibility that wecan look back some time in the future andevaluate the liveliness of these reports.There are exceptions -- Leveson and Clark(1993) for example, and Hendry (1989).Both of these reports look at the reasons forfailure; one in the case of a malfunctioning,computer-driven radiation therapy system,and the other in the governmental attempt tocontrol and manipulate intellectual propertyin computing. The report by Leveson andClark (1993) dealt with the accidents relatedto Therac-25 radiation therapy system. Thisinvestigation, while dealing only withactivities within the past 15 years, is typicalof the kind of historical research which haspositive downstream impact. Leveson andClark�s analysis of the software errorsprovides a number of lessons in softwaredevelopment which reinforce the manylessons which have been preached insoftware engineering classes for a decade --unfortunately the decade after theinstallation of the Therac-25 equipment.Undoubtedly the lessons learned from sucherrors (and the resulting human suffering) ismuch stronger than those of positivism.A recent textbook advertisement by aleading publisher of computer science booksproclaimed that this new textbook forbeginning students identified the "firsts" inthe history of computing as one of its majoradvantages. Firsts are not always important,though there is obviously a common desireto be associated with firsts; we might rewordthe assertion that �Victory has a hundredfathers but defeat is an orphan�3 to read�Firsts have a hundred fathers but secondsare orphans�. But in fact though many maylay claims to firsts, firsts are often a matterof definition rather than chronology, foralmost everything we do can be considered a�first� for some minor distinction -- such asthe location of the event, the first use ofsome element, and so on. Several firstscan occur almost simultaneously, eachemerging from a primordial soup oftechnology which contains all theingredients for the development of a newinnovation. Unique firsts do have a place inthe identification of the owners ofintellectual property rights with respect toclaims on patents, copyrights, etc.THE RESOURCESSince 1980 there has been a growinglibrary of books directly related to thehistory of computing, but the market has notbeen large compared to other texts, and it israre that a book has seen a second printingor a second edition. Publishers have beenreluctant to expend the necessary support forthe up-front cost of printing and binding theinitial print run. While several books haverelated to specific topics and resulted fromconferences on the same topic, there havebeen few texts which provided acomprehensive overview of the topic.Michael William�s

The History of Computer

Technology (1985) was extremely popularbut the lack of a second printing has stifledthe offering of university and collegecourses on the history of computing. Stan

3 Galeazzo Ciano (1903-1944), an ItalianFascist leader, according to the electronicedition of "The Concise Columbia Dictionaryof Quotations".

page 4Augarten�s

Bit by Bit (1984) seems to havesuffered the same fate.The one publication which has stoodthe test of time has been the Annals of theHistory of Computing. Originally sponsoredby AFIPS Press, the Annals has beenactually printed and distributed by fourdifferent publishers over the past fifteenyears, and is hopefully now well establishedwithin the IEEE Computer Society. Thefifteen years of quarterly publications haveprovided the subscribers with insights into awide range of subjects from earlycalculating devices such as Napier�spromptuary to the sociology of state-of-the-art supercomputers. Annals has sufferedfrom a strong orientation towards theEnglish speaking world, though there hasbeen a greater attention to the history ofcomputing elsewhere in the past seven years.The history of computing in France wasincluded in five separate issues, and onespecial issue has been devoted to theCanada. Individual papers have examinedcertain aspects of national computingactivities, such as a recent extensive paperon the USSR. Also the Annals has becomethe primary journal for the publication ofpapers relating to Charles Babbage, hisengines, and his other innovations. Newtextbooks are on the way, but what is reallyneeded is a paperback that can be asupplement to the regular class textbook andthat will be priced at such a level that it isnot out of bounds for students to purchase asa second text.HOW WILL WE USE HISTORICALINFORMATION?An examination of many of thecentral concepts of science from birth tomaturity shows a perceived complexityversus time curve (fig. 1) which is roughlyparabolic. In the beginning, the initial ideais often expressed in such complex termsthat it is overlooked by the majority ofreaders. The one or two who can seethrough the veil of complexity simplify theconcept, and express it in understandableterms, that in computer science can lead toimplementation and application. As theresulting system is used and explored, it isagain modified and enhanced to achieve anew zenith of complexity in that the level ofapplicability is high while the degree ofunderstanding (seen as the complement ofperceived complexity) has dropped onceagain to a low setting.

page 5computing and the restrictions of the so-called von Neumann machine. Backus�Turing lecture in 1978, in which heintroduced his concepts of functionalprogramming (FP), was entitled �CanProgramming be Liberated From the vonNeumann Style?�. In fact, Backus�understanding of the contributions of vonNeumann was in error. Von Neumannrecognized the advantages of parallelcomputation, but he also recognized that inhis time the technology of architecturaldesign was not sufficient to support trulyparallel systems, that programming had notdeveloped the techniques of multi-programming. Thus to solve the problemsof the day he accepted serial or sequentialcomputation -- the very technology forwhich he is now blamed! To complicate ourunderstanding of the development of thecomputer, von Neumann allowed a myth tobuild around the origination of the conceptof the stored program. The so-calledEDVAC report of the work of severalscientists was never completed and the firstdraft (von Neumann, 1947), which onlyascribed authorship to von Neumann, wastaken to be the original source of the idea.Over the years, von Neumann never took thetime to dissuade his creditors of the actualgenesis of the stored program concept.Similarly, Grace Murray Hopper wascredited by some writers of her manyobituaries with the �development of theprogramming language COBOL�. Historyclearly shows that she would better becredited as the grandmother as the originatorof FLOWMATIC, or as the midwife as amember of the organizing committee thatrecommended the evolution of a businessoriented programming language, or as thementor in her capacity as one whopromulgated the language and possiblyinstigated the writing of the first twocompilers. Over the years, Dr. Hoppernever took any steps to dissuade believers ofthis misplaced credit, but neither did shepersonally claim the credit for the language.John Mauchly claimed credit for theinvention of the computer, and for itsconstruction in conjunction with J. PresperEckert. Yet in 1973, the patents wereinvalidated by the Minneapolis DistrictCourt and �one, John Vincent Atanasoff�was, by law, given the credit for theinvention of the computer -- at least in theUS. Clark Mollenhoff (1988) went so far asto accuse Mauchly of perjury on the witnessstand.One of the concerns of today�seducation is the integration of the ethicalconcerns into our curriculum. From ourthree examples above, and many others thatwe can find in our history, we have a set ofhistorical cases from our own profession forstudy by students which have a directbearing on ethical studies in computerscience. Here is a prime example of theapplication of episodes from our history tomodern teaching in a field that is continuallyfleeing from its past.HISTORY AS A TEACHING TOOLIs history a w a y of teachingcomputer science? Is history a part ofteaching computer science? Is there anadvantage to going that far back? In fact allteaching is the teaching of history -- or atleast the retelling of events and discoveriesof both the recent and the far past, but not inthe context of history. Learning is theunderstanding of discoveries and theapplication of self-discovery techniques topersonally unexplored fields. Researchstarts with the study of the history of a topicand attempts to build new lines of discoveryor development. Thus the questions aboveshould be better stated in terms of placingthe teaching of computer science in theenvironment of historical scholarship. Theanswers are most likely in the negative, butthe preparation for teaching and themanagement of learning can take advantageof knowledge of the perceived complexitycurve to select the appropriate point forcreating a beginning point forunderstanding.Is there a minimal body ofknowledge of which we would expectcomputer science to be aware? Is there alitany of events, of persons, of machines, ofsoftware that should be engraved on themind of each student? What test would weapply to determine whether a student hashad enough exposure? Is there a trainingprogram that we can develop to assistfaculty to prepare themselves to includehistorical facts in their course presentations page 6and in the student�s learning module? Onepart of the answer is of course that theexpectations will vary with the homecountry of the student. A basic knowledgeof the contributions of one�s countrymen;the next stage should include thecontributions of other pioneers that haveaffected the systems that they will use andstudy. It is just more than learning trivia --the answers to the yearly questions in theACM/Computer Museum Computer Bowl!More than just being able to make areasonable score on the self-evaluation testcreated by Eric Weiss (1983).Including historical perspectives incommonly taught computer science coursescan bring some realism to the topic and atthe same time provide some relief from thestultifying effects of purely abstrusepresentations. For science students there isan additional advantage to studying history-- the opportunity to develop other skillssuch as writing and presentations. Ratherthan using history merely as an old story tobe told, the history of computing haselements which can be used effectively tosupplement and support the pedagogicalaspects of the field. Starting too far alongthe development curve deprives the studentof the understanding that concepts do notemerge full blown. Starting early on thedevelopment curve, and at the nadir of theperceived complexity curve, strips away thenumbing, hubristic impact of enhancementsand extensions.In the obituary for Jim Wilkinson(Anon. 1987), pioneer numerical analyst,which was constructed from the e-mailcomments of his colleagues, students, andadmirers, there was a remembrance that hassignificance here:I always looked forward to hislectures. The image I remember is ofhis lecturing in short sleeves --sleeves held up by garters to achievethe correct length. ...

He had a great knack for working in an interesting historical anecdote that illuminated what he was trying to say.(Emphasis added)Historical facts do have a place in theclassroom, and in our ability to getacross ideas to students in a meaningfulmanner.CONCLUSIONSLike a canoeist, we sit bobbing onthe edge of an eddy, on the one hand, readyto be swept downstream to continue the fightagainst the flow of nature, and on the otherhand, straining to achieve the chance tocollect our thoughts in the still waters ofunderstanding. This oscillation betweenpure and applied science swirls us around,the most effective progression downstreambeing accomplished by conserving ourenergy and analyzing the last descent, beforewe tackle the next obstacle. The technolustin our profession today discards theimmediate past in favor of the latest toy; wedo not pause long enough either to enjoy thetranquillity or to understand what we haveaccomplished. A well mounted hype thatbuilds desire for glossy new artifacts hasbegun to win over reason and planning. Asthe amount of data left behind decreases, ourability to analyze the ongoing computingexperiment and the problem grows more andmore difficult. What really did work andwhat not? Is speed taking the place ofingenuity? Is faster so much better?In the development of a set ofrequirements for the accreditation ofcomputer science programs by the jointACM/IEEE Computer Society committee in1985, a period when the newspapers werehaving a field day with the repeated pranksof computer hackers, it was decided thatevery computer science curriculum ought toinclude the study of the ethics of computing.This was not prescribed to be included in aseparate course, but could be integrated incourses across the curriculum. So it shouldbe with the history of computing. Historyby itself can be very boring; but history inthe context of a special subject brings thattopic to life. This author has found that astudent�s appreciation of either compilers orearly programming languages can be greatlyenhanced (brought to life) by the showing ofa video tape of interviews of the Fortran(Leeson, 1984) team reminiscing about theirdays together building the programminglanguage Fortran and its first compiler.More and more live recordings of ourpioneers are being made available; they can page 7have a profound effect when used in coursesother than history courses.There is a place for historians incomputer science and the study of historicalelements of the field by students, at alllevels, is legitimate. The historian cries outto the fleeing back of a computer scientist�pause to smell the flowers�! Let us worktogether to create a curriculum to furtherenhance the learning in our computerscience courses through history.REFERENCESAnon. 1987. �James Wilkinson (1919-1986)�, Ann. Hist. Comp., Vol. 9, No. 2,pp. 205-210.Augarten, Stan. 1984.

Bit by Bit: An

Illustrated History of Computers,Ticknor & Fields, New York, 324 pp.Backus, John W. 1978. �Can Programmingbe Liberated From the von NeumannStyle? A Functional Style and ItsAlgebra of Programs�, Comm. ACM.,Vol. 21, pp. 613-641.ComputerWorld. 3 November 1986. �TheComputer Age�, ComputerWorld, C.W.Communications, Inc., FraminghamMA, pp. 14-18.Hartley, Leslie Poles. 1954.

The go

-between, Knopf, New York, 311 pp.Hendry, John. 1989.

Innovating for Failure,MIT Press, Cambridge MA, 240 pp.Leveson, Nancy G., and Clark S. Turner.July 1993. �An Investigation of Therac-25 Accidents�, IEEE Computer, pp. 18-41.Lee, J. A. N. 1994 "Why We Study theHistory of Computing", Proceedings,IFIP World Computer Congress,Hamburg, Germany, IFIP Transactions,A-52, Vol. II, North Holland,Amsterdam.Leeson, Daniel. January 1984. �IBMFORTRAN Exhibit and Film�, Ann.Hist. Comp., Vol. 6, No. 1, pp. 41-48.Mahoney, Michael. 1993. "What MakesHistory?", Second History ofProgramming Languages Conference,Cambridge MA, ACM SIGPLANNotices, March 1993.Metropolis, N., J. Howlett, and Gian-CarloRota. 1980.

A History of Computing in the Twentieth Century, Academic Press,Inc., New York.Mollenhoff, Clark R. 1988.

Atanasoff: The

Forgotten Father of the Computer, IowaState Univ. Press, Ames IA, 274 pp.Runyan, Linda. 15 March 1991. �40 Yearson the Frontier�, Datamation, Cahner-Ziff Publ. Assoc., Newton MA, pp. 34-57.von Neumann, John. 1947. �The First Draftof a Report on EDVAC�, reprinted inAnn. Hist. Comp., Vol. 15, No. 4, 1993.Wexelblat, R. L. (ed.). 1981.

History of

Programming Languages, AcademicPress, New York, 758 pp.Williams, Michael R. 1985.

A history of computing technology, Prentice-Hall,Englewood Cliffs, N.J., 431 pp.Weiss, Eric A. July 1983. "Self Assessmentprocedure XI: A self assessmentprocedure dealing with one part of earlycomputing history", CACM, Vol. 26, No.7, pp. 479-482.