UNIVERSITY OF JOENSUUCOMPUTER SCIENCEDISSERTATIONS 1MARJA KOPPONENCAI IN CSACADEMIC DISSERTATIONTo be presented,with the permission of the Faculty ofScience of the University of Joensuu, for public criticism inAuditorium M4 of the University, Yliopistokatu 7,Joensuu, on April 11, 1997, at 12 noon.UNIVERSITY OF JOENSUU1997

JulkaisijaJoensuun yliopistoPublisherUniversity of JoensuuToimittajaMarttiPenttonenEditorVaihtoJoensuun yliopiston kirjasto, vaihdotPL 107, 80101 JOENSUUPuh. 013-251 2672, telefax 013-251 2691ExchangeJoensuu University Library, exchangeP.O.Box 107, FIN-80101 JOENSUUTelefax +358 13 251 2691MyyntiJoensuun yliopiston kirjasto, julkaisujen myyntiPL 107, 80101 JOENSUUPuh. 013-251 2652, 251 2662, telefax 013-251 2691Email:lavikainen@joyl.joensuu.fiSaleJoensuu University Library, sale of publicationsP.O.Box 107, FIN-80101 JOENSUUTelefax +358 13 251 2691Email:lavikainen@joyl.joensuu.fiISSN1238-6944ISBN951-708-506-0UDK681.3Computing Reviews (1991) Classification:K.3.1, K.3.2YliopistopainoJoensuu 1997

CAI in CSMarjaKopponenDepartmentofComputerScienceUniversity of JoensuuP.O.Box 111, FIN-80101 Joensuu, FinlandMarja.Kopponen@joensuu.fiUniversity of Joensuu. Computer Science, Dissertations 1Joensuu, April 1997, 99 pagesISSN 1238-6944, ISBN 951-708-506-0Keywords: computer-aided instruction (CAI), use of CAI, evaluation of CAI, COSTOCBy computer-aidedinstruction(CAI) we mean the use of a computerapplicationforinstructing a specific subject of a domain. The essential question is what CAI applications aregood and why. In order to be able to evaluatea CAI applicationit is necessary to fix thedomain. The domain of this work is computer science at the university level.Evaluation of CAI applications is a complex process in which several perspectives have tobe considered. We developed evaluationcriteriathat consist of four parts, namely, domain-based criteria, instructionalcriteria, user interfacecriteria, and pragmaticcriteria. Ourdomain-basedcriteriafocus on evaluatingthe course contents and their relevancyto theinstructional aims of the CAI course. We examined several human learningtheories in orderto find the most appropriateone to be the basis of our instructionalcriteria, whichconcentrateon evaluatingthe educationalsupport. User interfacecriteriaand pragmaticcriteria focus on evaluating the implementation of the user interface and the practicalmatters,such as hardware, software and human resources, respectively.We designed an analysis method based on our criteria for testing the evaluationcriteriainpractice. The analysis method was appliedto a collectionof CAI courses on computerscience, called COSTOC (COmputer Supported Teaching Of Computer science).The analysis indicatedthat our criteriaworked properly. The main results were that thecontents of a CAI course have to be designed by an expert of the domain and that theinstructionalsupport should be based on human learning. Further, authoring tools shouldsupport CAI authors by offering instructional advice. In addition, authoring CAI courses oncomputer science requires some special properties of the authoring tool, such as possibilitiesto speak mathematicallanguage, to animateabstractstructures, and to write and executepseudo or programming code.

vPrefaceThis thesis is the result of research carried out in the Departmentof Computer Scienceat theUniversity of Joensuu during the years 1994-1996, and in the Laboratoryfor ComputerAided Learning, Swiss Federal Institute of Technology during the academic year 1994-1995.I am deeply gratefulto my supervisor, Professor MarttiPenttonen, for his invaluableadviceand comments. His endless encouragementgave me strength to pass the difficultmoments and his delightful linguistic jokes cheered me up.To my other supervisor, AssociateProfessor Jorma Enkenberg, I express my sincerethanks for tirelessly guiding me in the world of Educational Sciences.I wish to thank Associate Professor Jorma Sajaniemi and Assistant Markku Tukiainenforproviding their valuable help and knowledge concerning user interfaces. I especiallywant tothank Markku for all those discussions we have had during these years. I also want to thankthe whole staff of the Departmentof Computer Scienceat the University of Joensuu forsupport and empathy during this work.I earlierworked and studied in the Departmentof Computer Scienceand AppliedMathematicsat the University of Kuopio. I express my specialthanks to the staff of thatdepartment, especiallyActingAssociateProfessor Seppo Lammi. To my dear friend,Ph.Lic. VirpiKasurinen, I express my warmest thanks for the moments we have sharedduring our friendship.I want to express my warmest thanks to Professor Fr�d�ric de Coulon for the opportunityto work in his laboratory during my stay in Switzerland. I also want to thank Dr. Eddy Fortefor his valuable advice and B.Sc. Guy Delafontaine for all the care during my visit.To my officialreferees, Professor Erno Lehtinenand DocentMattiLinna, I am greatlyindebted for their careful review of the manuscript and valuable comments on it.Specialthanks are due to my colleagueM.Sc. Stephen Eriksson-Bique for revising thelanguage of this manuscript.The financialsupport of the Centre for InternationalMobility, the DepartmentofComputer Scienceat the University of Joensuu, the East Finland Graduate School inComputer Scienceand Engineering, the EmilAaltonenFoundation, the Finnish CulturalFoundation, the Finnish Konkordia Foundation, and the Swiss Confederationis gratefullyacknowledged.Finally, I owe my dearest thanks with a hug to my sweetheartMarkku for his love andsupport. Without him my thesis might never have become completed.

viAbbreviationsAbbreviationDescriptionChapter orsection wheredefined orfirst timereferred toACMAssociationforComputingMachinery2.3ACT*Adaptive Control of Thought*, * belongs to the name3.1.2AIDAAdvancedInstructionalDesignAssociate3.2.1CADComputerAidedDesign4.2CAIComputer-Aided/AssistedInstruction1CALComputer-Aided/AssistedLearning1CBEComputer-BasedEducation1CBIComputer-BasedInstruction1CBTComputer-BasedTraining1CDTComponentDesign/DisplayTheory3.1.4CMIComputer-ManagedInstruction1COSTOCCOmputerSupportedTeachingOfComputerscience1, 5.2CRICriterionReferencedInstruction3.1.3CTGVCognition & Technology Group at Vanderbilt3.1.3DDLDataDescriptionLanguage5.7.3DMLDataManipulationLanguage5.7.3GAIDAGuided Approach to Instructional Design Advising3.2, 3.2.1GOMSGoals, Operators, Methods and Selection rules3.1.2GPSGeneral Problem Solver3.1.2PLATOProgrammedLogicforAutomaticTeachingOperations1TICCITTimesharedInteractiveComputer-ControlledInformationTelevision1

CONTENTSvii

1Introduction11.1 The goals of this work........................................................................42CAI authoring tools and their applications in computer science62.1 CAI authoring tool types......................................................................62.1.1 High level programming languages..................................................62.1.2 Authoring languages...................................................................72.1.3 Authoring systems.....................................................................72.1.4 Authoring shells........................................................................82.2 On CAI authoring tools used for courses on computer science..........................82.3 Overview on computer-aided courses on computer science.............................103Human learning theories133.1 Introduction to learning theories relevant to CAI.........................................133.1.1 Historical theories.....................................................................143.1.2 �Chunking theories�..................................................................153.1.3 Learner-centered theories.............................................................163.1.4 Separate learning theories............................................................183.1.5 Summary of the theories.............................................................193.2 Four learning theories of current interest..................................................213.2.1 Conditions of learning theory and GAIDA.........................................213.2.2 ACT* and the Geometry Tutor......................................................233.2.3 Cognitive flexibility theory and hypertext applications...........................253.2.4 Situated learning and the Adventures of Jasper Woodbury......................284Criteria for evaluation of CAI courses in computer science314.1 Background for the selection of the criteria................................................324.2 Criteria based on subject.....................................................................334.3Instructionalcriteria..........................................................................374.4 Criteria for user interface....................................................................394.4.1 Interactivity............................................................................394.4.2 Display elements......................................................................414.5Pragmaticcriteria.............................................................................445Test case: COSTOC465.1 Analysis method..............................................................................465.1.1 Analysis of course contents..........................................................475.1.2 Analysis of instructional support....................................................485.1.3 Analysis of user interface............................................................505.1.4 Analysis of pragmatic matters.......................................................525.2 Background information of the analysis...................................................525.3 On COSTOC courses selected to analysis.................................................535.3.1 General information about COSTOC courses.....................................535.4 General results of the analysis of COSTOC...............................................575.4.1 Results of the course contents analysis.............................................575.4.2 Results of the instructional support analysis.......................................575.4.3 Results of the user interface analysis...............................................595.4.4 Results of the pragmatic matters analysis..........................................625.5 Computation and Automata: Description and results of the analysis...................625.5.1 Course description....................................................................625.5.2 Numerical results......................................................................645.5.3 Verbal results and conclusions on Computation and Automata..................66

Contentsviii

5.6 Cryptography and Data Security: Description and results of the analysis..............675.6.1 Course description....................................................................675.6.2 Numerical results......................................................................685.6.3 Verbal results and conclusions on Cryptography and Data Security............705.7 Introduction to Database Systems and the Relational Data Model: Description andresults of the analysis.......................................................................725.7.1 Course description....................................................................725.7.2 Numerical results......................................................................735.7.3 Verbal results and conclusions on Introduction to Database Systems and theRelationalDataModel...............................................................745.8 Sorting Techniques: Description and results of the analysis.............................765.8.1 Course description....................................................................765.8.2 Numerical results......................................................................775.8.3 Verbal results and conclusions on Sorting Techniques...........................785.9 Systematic Programming: Description and results of the analysis......................805.9.1 Course description....................................................................805.9.2 Numerical results......................................................................815.9.3 Verbal results and conclusions on Systematic Programming....................825.10 Summary of the results.....................................................................845.11 Conclusions on the results.................................................................856Conclusions87References91

CHAPTER I1

1 IntroductionIntroductionSince 1920�s researchers have been looking for differentways to utiliseteachingmachines,auto-instructorsand, lateron, computers in instruction. Despitethat, computers are onlyseldom used systematicallyin teaching. There exist many reasons for that, such asunawareness of human learning, the complexityof the design process of computer-aidedinstruction (CAI) applications, and the fast developmentof computertechnology, which hascaused problems since CAI materialsdesigned for certaincomputerconfigurationsbecomeobsolete in a few years. In the early days of computer-aidedinstructionthere was a dreamthat human teacherswill someday be replacedby computers. This dream is nowadaysrejected because it has become clear that computers are not capable to take care of the role ofa human teachersince, firstly, human contactis very importantand, secondly, human-likefeatures, such as heuristicalproblem solving and concluding, should progress extremelywithin computers, which hardly happens in near future. Therefore, human teachers will keepon teaching, maybe not the way they have always taught but using computers as tools.Computer-aidedinstructioncan be defined conciselyas a teachingmethod in which astudent interacts with a specialised computer application designed to instruct certain skills andknowledge. A more extensivedefinitionincludes the use of computers in all study tasks,such as students using computerapplicationsas tools (e.g., text processors, spreadsheetcalculators), teacherspreparing lesson materials(e.g., lecturenotes, presentationmaterials,software demonstrations, CAI applications), or school administrationpersonnel organisingeducationaladministrationoncomputers(e.g., curriculumdesign, student files). Dependingon the situation, several abbreviationscan be used, such as CAI (computer-aided/assistedinstruction), CAL (computer-aided/assisted learning), CBE (computer-based education), CBI(computer-based instruction), CBT (computer-based training), and CMI (computer-managedinstruction). These abbreviationshave differentshades of meaning, though they all refer to

1. Introduction2 use of computers in education. This study concentrateson CAI in its concise meaning, thatis, the use of computer applications in instruction.CAI is considered to be based on Pressey�s teaching machinesdating back to the 1920�s.Accordingto Sloffer (1996), these teachingmachinespresented questions or problems tostudents who had to respond by writing an answer or pressing a certainbutton. Studentswere informed about the correctness of the answer and occasionallygiven the explanationwhy it was right or wrong. An accountof responses was often kept. In the 1950�s Skinnerintroduced his version of a teaching machine and programmedinstructionwhich were basedon his theory of operant conditioning. Accordingto Li (1996), programmedinstructionhadimportantlong-termeffects on the evolutionof educationaltechnology;namely, it had astrong influence on the development of systems approach, and it introduced the early ideas ofindividualisationof instruction. A decadelaterteachingmachineswere considered to beobsolete since reseachers perceived that as a teachingtool the machinesare not as importantas the programs. The concept of CAI was introduced in the 1960�s.Two importantprojects in the history of CAI are PLATO(Programmed Logic forAutomaticTeachingOperations)and TICCIT (TimesharedInteractiveComputer-ControlledInformation Television). These two projects were competingwith each other to becomethenational automated instruction system in United States of America. Even though both of themwere based on mainframecomputers, the rest of the technicalsolutions differed a lot fromeach other. Neither of them becamepredominantsince the expectedfall in installationandutilisationcosts did not happen. Nevertheless, both of them served as a basis for otherinstructional systems.The built-ineducationalproperties are the essence of CAI applications. These propertiesincludeclearlystatedlearningaims, methods to reach these aims, and testing whether theseaims are achieved. In addition, CAI applications support and guide students� proceedingin aCAI application.These properties separateCAI applicationsfrom other computerapplications, such as multi- and hypermedia applications and expert systems, which all havebeen used for instructionalpurposes. Since the educationalproperties are usually missingfrom these other applications, the instructional use of them differs noticeablefrom the use ofCAI applications. Thus, CAI applicationscan be used as tutors, while the other computerapplications can be considered as tools.Traditionallyteachinghas been a situationin which a teachertalks in front of students.Teachingthis way is strongly teacher-centeredbut many times it has been the onlypossibility. Reasons for that could have been the lack of teachingmaterials, teachers,classrooms, etc. Also the earlierlearningtheories assumed that students are like emptybaskets and teacher�stask is to fill them with information. These kind of theories are notvalid anymore because research has revealedthat human learningis more complicated.Thisobservation has affected the teacher�s role in instruction.

1. Introduction3

Researchers of human learninghave presented lists of educationalor instructionaltasks,which should provide the necessary conditions for learning. These tasks are good torememberwhile designing instructionand selectingappropriatemedia. As an example,Gagn� and Briggs (1974) have presented the following nine instructional events:1. Gainingattentionmeans that students� interests in teaching subject are awakened.This can be done, for example, with questions or demonstrations.2. Informing the learner of the objective gives students the learning aim. This phaseis not necessary if the aim is obvious.3. Stimulatingrecallof prerequisitelearnedcapabilitieshelps students to combinetheir prior knowledge to new information. Stimulationcan be done asking recallquestions.4. Presentingthe stimulus materialis closely connectedto the learningaim. It isnecessary that stimuli must support students to reach the aim.5. Providing learningguidanceis an event in which students are guided to thedirectionof the correctanswer or performance. The form of learningguidancecan be, for example, questions or hints proposed during instruction.6. Elicitingtheperformancemeans that students show what they know or are ableto demonstrate their skills.7. Providing feedback is tellingstudents the correctness of their performance. Insome cases this is not necessary if there exists �automatic�feedback, such as inthrowing darts the result is immediately clear.8. Assessing performancefocuses on the reliabilityand validityof students�performance. A couple of appropriate questions that force students to apply theirnew knowledge should convince the teacher that students� performance is valid.9. Enhancingretentionand transfermeans systematicreviews and practicingofskills.A teacher does not have to strictly follow these steps described above. A better result is oftenachieved when these steps have been used to form a fluentlyproceeding, well-adjustedunityin which these demands have been taken into account.Within instruction, teachers are responsible of the totality. They decidewhat to teachandhow to teach, and they take care of the needed material.It is assumed that teachersapplysome learning theory while designing the lessons. This is something that computers cannotdo by themselves. Furthermore, teachersare human beings with their gestures, expressionsand intelligence.They are able to think, to make heuristicconclusions and use bodylanguage. For example, students easily see if teachersare motivatedand interestedin topicthey are teaching. That is likely to increase students� motivation and improve learning results.Likewise, teachers are able to react to students� behavior, for example, when they seem to beconfused or have problems.Computers have no human properties which is the most important reason why they cannotreplacehuman teachers. Instead, computers should be used as tools in instructionbecausethey have many valuableproperties, such as availabilityin a sense that they are cheap,relatively high speed, tirelessness, large memory capacity, and abilityto animategraphics. Itwould be wise to use these properties whenever it is appropriate.

1. Introduction4

One of the strongest advantages of computers is their ability to present animatedgraphics.Accordingto Kiser (1987), this unique featurepermits designing of computerlessons thatinstruct in a way that static formats cannot. Richards and Fukuzawa (1989) have pointed outthat seeing shapes, forms, and symbols manipulated in a concrete way is more effectivethantrying to visualise an abstractmodel in one�s mind. Baek and Layne (1988) have reportedthat well-designed computer lessons with animation have improved student scores more thanpresentations with graphics and text or text alone. Since animationis a strong effectit mustbe used wisely. It overrules the main subject if it is used too much or in a wrong place.Computers have a great memory capacity which can be used for storing large amounts ofinformation. They are also fast in certaintasks. Rapidityis useful, for example, whensearching informationfrom diverse sources for writing an essay, or solving mathematicalproblemscontainingtime-consumingroutines.Tirelessness is valuable, for example, when practicingvocabularyor similartasks.Students can repeat difficult things as many times as needed. They are also able to study aslong as they like and continueat their own pace. In classroom usage, proceedingwithindividualspeed is valuablebecause students will not becomefrustrated studying at anappropriate speed for them.Computers treatstudents equallyignoring their sex, color and social class. There are nobad days for computers, that is, instructionis not depending on feelings or other humanfeatures. Furthermore, computers can be equipped with unusual peripherals, such as touchscreens or special keyboards, to enablethe usage for disabled students. For many seriouslydisabled persons a computeroffers a possibility to communicatewith other people and tostudy.1.1 The goals of this workThis work focuses on designing criteria for evaluatingCAI applications. The study is basedon human learning theories and on analysis of some CAI applicationson computerscience;consequently, the relations between learning theories and CAI applications are examined.Many studies concerningthe usage of CAI in teachingcomputersciencehave beenconducted. However, littleattentionhas focused on how computerscienceshould beinstructed. Therefore, the goals of this research are to find out what kind of CAI applicationsare designed and should be designed for teachingcomputerscience, how human learningtheories are appliedand should be appliedto these applications, and does there exist somespecial properties that are required for designing CAI applications on computer science.CAI authoring tools have a strong influence on CAI applicationssince their properties setthe limits on CAI application design process. Therefore, it is important to know what kind oftools have been used for authoring CAI applicationson computerscienceand how theresulting applications look like. A short review on CAI authoring tools and their applications

1.1. The goals of this work5 on computer science is presented in the second chapter. A more detailed examination of someCAI applications on computer science is presented in the fifth chapter.The design of CAI applicationsshould be derived from students� needs, rather thantechnicalaspects. Therefore, human learningtheories should be the basis for the designprocess. Learningtheories relatedto CAI are shortly introducedin the third chapter. Inaddition, there are presented descriptions of four human learningtheories of current interestin a form of a case study.Based on the experiencesfrom CAI authoring tools, existing CAI applicationsoncomputer science and human learningtheories novel evaluationcriteriafor CAI applicationswill be developed. The criteriawill includeboth educationalrequirementsand requirementsof the subject domain and user interfacedesign, as well as the pragmaticdemands. Thefourth chapter presents these criteria for evaluation of CAI applications on computer science.The descriptionof the analysis method based on the criteriais presented in the fifthchapter. CAI applicationscalledCOSTOCwere chosen to a detailedanalysis. TheseCOSTOCcourses are introducedin the fifth chapter, as well as the results of their detailedanalysis.

CHAPTER II6

2 CAI authoring tools and their applications incomputer scienceCAI authoring tools and their applications incomputer scienceAuthoringtools have a significantrole in authoring process, since their properties stronglyaffectthe result. Well-designedauthoring tools provide a proper basis for both design andimplementation.This chaptergives background informationof authoring tools and CAIcourses on computerscience. It consists of an introductionto authoring tool types and ashort review on authoring tools used for preparing CAI courses on computerscience. Inaddition, some CAI courses on computer science are discussed briefly.2.1 CAI authoring tool typesCAI authoring tools can be divided into four categories:(1) high levelprogramminglanguages, (2) authoring languages, (3) authoring systems, and (4) authoring shells (Youngand Knezek, 1989). The main difference between these categories is the level of readiness ofauthoring, that is, how much effort an author must put into the implementingprocess of aCAI course. CAI courses created using these tools may vary from simple textual or graphicaldisplays to very complexpresentationsthat consist of graphics, pictures, and soundproduced by the peripherals.2.1.1 High level programming languagesThis type includes the high levelprogramminglanguages, which are the most flexibletoolsbut which also require the most familiaritywith programming. Production of teachingapplicationsby these tools is slowest but the use of a high levelprogramminglanguageisjustifiedif there exist some specialrequirementsfor the final application.High level

2.1. CAI authoring tool types7 programming languages are especially useful when other authoring tools are inappropriatetomeet the demands that an applicationrequires. A complexsimulatoris a good exampleof ateaching program that would probably require a high level programming language.When high levelprogramminglanguages are used there is a risk that the qualityof ateachingapplicationsuffers a loss since the technicalimplementationrequires plenty ofenergy. Further, the experts of teaching subject domains, e.g., professors and lecturers, areusually not able to use tools of this type. In such cases the transfer of knowledge fromexperts to the designers may cause some loss of pedagogicalquality. BASIC, C, Lisp,Logo, and Pascal are examples of high level programming languages.2.1.2 Authoring languagesTo create a teaching program by using an authoring language is not as demandingas using ahigh level programminglanguagebecause there are predefinedstructure specificcommandsfor developingteachingprograms in authoring languages. For example, in an authoringlanguage there might be a command ’QU’ for a question to be asked a student, or a command’R’ for a response to be received. An advantageis that the usage of authoring languagesreduces the time required for a teacher/designer to create a CAI course. In addition, authoringlanguages can be used for building the prototypes because these can be done quite fast.Afterwards, if the prototype is promising, the final applicationcan be implementedby usinga high levelprogramminglanguageto gain the fastest possible executionspeed.Coursewriter, NATAL, Pilot, and Tutor can be mentionedas examplesof authoringlanguages.2.1.3 Authoring systemsAn authoring system is usually a menu driven tool which eliminatesor minimisesthe needfor computerprogrammingskills (Young and Knezek, 1989). Thus, those CAI coursedesigners who are not experiencedprogrammers are also able to produce technicallyappropriate applications by using these tools. Previously authoring systems mainlyfollowedthe behavioristlearningmodel when authors were only able to selectthe options theauthoring system provided and organise the instructions in such order that the authoringsystem imposed. Modern authoring systems are more flexiblethan that. Nowadays it ispossible to selectpre-designed modules and, if necessary, to join with them some partscreated by an authoring language. Some authoring systems includean authoring languageoftheir own while some other authoring systems permitthe usage of externalauthoringlanguages.When using an authoring system the designer is able to guide a student in many ways. Insome segments of an applicationthe student must proceed linearlywhile in some other

82. CAI authoring tools and their applications on computer science segments he is provided branching opportunities. Branching gives the student libertytoselect the topics more important to him and skip the less important ones.It is usually possible to integrateseveral peripheraldevices with the applicationscreatedby authoring systems. Thanks to these peripheral devices, which includevideo or laser diskplayers, speech synthesizers, and touch sensitive screens, the applicationscan be built morevarying and thus more interesting. The touch sensitive screens are especiallyuseful forincreasing the interaction between a student and an application. Examples of this type of toolsare PHOENIX, DECAL, IconTutor, InfoWindow, LS1, Course Builder, and Authorware.2.1.4 Authoring shellsAuthoring shells are the most restricted authoring tools but also the easiest ones to use. Thereis typicallya pre-designed program skeleton into which the designer fills the instructionalcontent. In a skeleton there are ready written routines, for example, for representingquestions and analysing answers. The advantage of authoring shells is that the designer doesnot have to build everythingfrom scratch. Further, the executionspeed of these shellswritten in a high level language is very high. Also, the original code of an authoring shell canusually be changed thus it provides a designer with sufficientprogrammingskills anopportunity to make improvements.Authoringshells are availablefor diverse tasks. The simplest ones perform only onefunction, such as teachingvocabularywords or a single mathematicaloperationlike addingor subtracting. More complex authoring shells permit to include several functions in the finalapplication.In general, the more complexthe authoring shell is the more difficultit is tomodify, although the authoring shell is usually deliveredcontainingthe instructions formaking modifications. Programming skills are useful though not necessary for modifying.One example of authoring shells is the Shell Games.2.2 On CAI authoring tools used for courses on computer scienceThis section presents shortly some examplesof the use of CAI authoring tools in computerscience. Example courses are listed by authoring tool types in Table 2.1.The dominatingauthoring tools in computerscienceapplicationsseem to be high levelprogramminglanguages despite the fact they were not originallydevelopedfor that kind ofusage. This is a bit surprising since authoring with programminglanguages is time-consuming, even though there exist toolboxes containing useful modules. The reason may bethat those familiarwith high levelprogramminglanguages prefer a tool they know inadvance, rather than learningto use a new tool. In addition, with high levelprogramminglanguages capable authors can create exactly what they want.Hypertext and hypermedia tools, like high level programming languages, are not real CAIauthoring tools as they are usually missing educationalsupport. These tools are probably

2.2. On CAI authoring tools used for courses on computer science9 used since it is possible to createimpressive presentationsfairly easily. Unfortunately, theeducationalsupport of such presentationsremains minor. There is nothing wrong to usethese tools for creatingCAI materialsas long as the author remembersto implementtheeducationalproperties.CAI authoring languages and authoring systems are seldom used for creatingcourses oncomputer science. This is odd because there exist authoring systems with versatilepropertiesthat could be used fairly well. Authoringsystems might be used more than they have beenused so far, if they would offer the same power of expression as programminglanguagescombined with flexibility, ease of use and the support for creating educational content.Table 2.1: Some CAI applications on computer science by authoring tool types.Authoring tooltypeName of the toolName of the applicationReferenceHigh levelActorDBToolLim and Hunter, 1992programmingAdaPortable DinersFeldman, 1992languagesCGATutorPrince et al., 1994ISETLBaxter et al., 1990NetsimBarnett, 1993TrainsetBrown, 1993WATSONO�Neal and Kurtz, 1995C++DAPPLEKotz, 1995CobolAPPGEN*Osborne, 1992Common LispFLAIRIngargiola et al., 1994HyperCommentsLinn, 1992Portable AI LabRosner and Baj, 1993PascalAAPTSanders and Gopal, 1991APPGEN*Osborne, 1992ArcadeLaboratory*Cagnat et al., 1990BALSA, GAIGSSchweitzer, 1992KLYDEBerque et al., 1994PrologIntelligent Fortran AdviserMeehan et. al, 1991NLinterfaceLees and Cowie, 1996Sim++, ObjectStoreHASECoe et al., 1996Tcl/TkGyaccLovato and Kleyn, 1995HypertextandGuideCLEMBoyle et al., 1994hypermediaHyperCardArcadeLaboratory*Cagnat et al., 1990toolsDigital WorldFagin, 1994Gateway labsCowley et al., 1993Pascal Template LibraryLinn, 1992Visual simulatorBarnett, 1995SuperCardLisp Template Library andLisp Perspective LibraryLinn, 1992

102. CAI authoring tools and their applications on computer science

ToolbookUIDTutorialBarrett, 1993AuthoringNATAL--Gee and McArthur, 1991languagesAuthoringAuthorwareMuPMoTTMarsden and O�Connell, 1996systemsAUTOOLCOSTOC courses--* Designed using several tools.Authoringshells have not been used at all. The explanationmight be that persons whoauthor courses for computersciencefeel that authoring shells do not fulfilltheir needs and,since they are able to program, they prefer to use tools familiarto them, namely,programminglanguages.2.3 Overview on computer-aided courses on computer scienceThis section introduces briefly some CAI applicationsdesigned for teachingcomputerscienceat the university level(see Table2.2 and Table2.3). Applicationsare divided intonine groups by the ACM(Associationfor Computing Machinery)computingreviewclassification with slight modifications. This classification is useful, since it covers computerscience domain very well and, consequently, it provides a good review of CAI applications.It must be rememberedthat this is only a small sample of all CAI applicationsandexperiments done within computer science.Table 2.2: Some CAI applications on computer science of the 1990�s.ACM ClassificationDomain of the applicationName of theapplicationReferenceIntroductoryandsurveyIntroduction to computerISETLBaxter et al., 1990scienceGatewayLaboratoriesCowley et al., 1993Baldwin, 1996WATSONO�Neal and Kurtz, 1995Computer systemsComputerarchitectureHASECoe et al., 1996organisationComputer networkingVNETTymann, 1991NetsimBarnett, 1993NetCpFinkel and Chandra, 1994SoftwareIntroductoryprogrammingITEM/IPBrusilovsky, 1992MULEBarr and Smith King, 1995ANNETLiffick and Aiken, 1996AAPTSanders and Gopal, 1991Fortran programming--Meehan et al., 1991Machine and assemblylanguagesVisual simulatorBarnett, 1995Modula-2programmingCLEMBoyle et al., 1994Parallel programmingPortable DinersFeldman, 1992

2.3. Overview on computer-aided courses on computer science11 eTextRifkin, 1994DAPPLEKotz, 1995Operating systemsSR languageHartley, 1992NLinterfaceLees and Cowie, 1996DataData structures (using Ada)--Silver, 1991File structuresVDAMFoster and Hughes, 1991Table 2.3: Some CAI applications on computer science of the 1990�s.ACM ClassificationDomain of theapplicationName of the applicationReferenceTheory of computationAutomataFLAPLoSacco and Rodger,1993NPDACaugherty and Rodger,1994AlgorithmsArcadelaboratoryCagnat et al., 1990KLYDEBerque et al., 1994Genetic algorithmsGATutorPrince et al., 1994GrammarsGyaccLovato and Kleyn, 1995NeuralnetworksNeuralisKhuri and Williams,1996ParsingLLparse, LRparseBlythe et al., 1994Mathematics ofcomputingMathematical concepts ofcomputersciencePrologbNeff, 1993Queueing theory (usingcomputeralgebrasystems)--Fitzgerald and Place,1995Information systemsDatabasesDBToolLim and Hunter, 1992Real-timeanddistributedcomputingTrainsetBrown, 1993UserinterfacedesignUIDTutorialBarrett, 1993ComputingArtificial intelligencePortable AI LabRosner and Baj, 1993methodologiesFLAIRIngargiola et al., 1994Expert systemsAutomatedStudentAdvisorHarlan, 1994Computing milieuxTechnologicalliteracyDigital WorldFagin, 1994Systems analysis anddesignAPPGENOsborne, 1992Analysis techniquesMuPMoTTMarsden and O�Connell,1996These sample applicationsindicatethat almost all subdomains of computerscienceareapplicablein a computerformat. Most of the applicationslisted above are considered aseducational tools, rather than traditional CAI courses. This means that those applicationsaremainlyintendedto provide supplementarymaterialfor traditionalclassroom teaching. It

122. CAI authoring tools and their applications on computer science would require a more detailedstudy to be able to decidethe educationalqualityof theseapplications.

CHAPTER III13

3 Human learning theoriesHuman learning theoriesThe human learningprocess has been investigatedfor centuries. Despitevarious studies,researchers have not been able to present a descriptionfor one universal learningprocess.Since there exist many learningstyles and learningtheories, it is difficultto decidewhichones should be used in a CAI course design process. This chapter introduces human learningtheories that have been applied to CAI courses on computerscience. Four of the representedtheories are discussed in more detailand a sample applicationof each is described. Thischapterwill be used as a background informationfor the evaluationof CAI courses oncomputerscience.3.1 Introduction to learning theories relevant to CAIDozens of learningtheories have been presented in this century. These theories focus ondiverse topics, such as human learning, animallearning, neuropsychology, and learningdisabilities. Considering the topic of this study, the usage of computer-aidedinstruction(CAI) in teachingcomputerscience, the human learningtheories are the most interestingones. These theories can be divided into three categoriesaccordingto their relevancyto thisstudy. The first category consists of theories that have been appliedto CAI in some domain.The second categoryincludes those human learningtheories that have had a notablesignificance on the theories of the first category. Those theories that do not belong to eitherof the previous categoriesform the third category. From now on, the theories belonging tothe first categoryare discussed. Theories belonging to the second categoryare mentionedonly if they have had a significant impact on the development of the first group theories.We examinedup to 50 human learningtheories and classifiedthem accordingto theirrelevancyto CAI. Nineteentheories were found that have been appliedto CAI. A closer

143. Human learning theories analysis revealed that these theories fall into three groups accordingto their relationsto eachother, namelyhistoricaltheories, �chunking theories�and learner-centeredtheories. ThreeCAI theories were left outside of these three groups as they do not seem to have anyrelationshipto the others. These three theories form the fourth group named separatetheories.3.1.1 Historical theoriesThe first group consists of two theories appliedto CAI, namelyoperantconditioning(Skinner, 1938) and mathematicallearningtheory (Atkinson, Bower and Crothers, 1965).The operant conditioningtheory of Skinner (1938) has a notablerole in the history of CAIbecause it was appliedto instructionin a form of programmedinstructionwhich can beconsidered as the first real form of CAI. Knezek (1988) has represented the evolution of CAIin which the teaching machine developed by Pressey in 1925 is considered as the first formof CAI. Throughout the 1920s and the early 1930s, Pressey experimentedwith severalmachines, but, as Sloffer (1996) puts it, their impacton educationaltechnologyat that timewas negligible, although Pressey "remainedconfidentthat automatedinstructionwouldeventuallygeneratean ’industrial revolution’ in education"(Saettler, 1990). Skinner�sprogrammedinstructionhad, however, long-termeffects on the evolutionof educationaltechnology. As Li (1996) points out, it had a strong influenceon the developmentof thesystems approach, which emphasises the process of instruction rather than media. Further, itformed the basis for individualised instruction and for the development of CAI.Operant conditioning is based on behaviorism according to which learning means formingassociations between stimuliand responses and can be explainedwithout referring to anyunobservable internalstate. The nature and frequency of the stimulus-response (S-R)pairings determinethe strength or weakness of associations. Operantconditioningdiffersfrom previous forms of behaviorism(e.g., Thorndike, 1913; Hull, 1940) in the sense thatthe organism can respond instead of only eliciting response due to an external stimulus.Mathematicallearningtheory of Atkinson, Bower and Crothers (1965) has severalpredecessors among behavioristtheory, such as drive reductiontheory (Hull, 1940) andstimulus sampling theory (Estes, 1950), which have tried to describe and explain behavior inquantitativeterms. Atkinson et al. have been interestedin optimisinginstruction, as theprinciples of his theory indicate (Kearsley, 1996):1. It is possible to develop an optimalinstructionalstrategy for a given individualprovided that a detailed model of the learning process is available, and2. Optimallearningperformancecan be achievedby giving each individualsufficient time to learn.Mathematicallearningtheoryhasbeenappliedtocomputer-aidedlanguagelearning.These first group theories represent behaviorismthat has been found to be too simple toexplain human learning. Therefore, CAI programs based on these theories are obsolescent.

3.1. Introduction to learning theories relevant to CAI15

3.1.2 �Chunking theories�The name of this group, �chunking theories,� is derived from the common idea of usingchunks to represent informationin all theories of this group. The idea of chunking is thatshort term memory can only hold five to nine chunks of informationwhere a chunk is anymeaningfulunit, such as digit, word, chess position, or people�s faces. These theories,which are closely relatedto each other, are a GeneralProblemSolver, GPS (Newell andSimon, 1972), GOMS (Goals, Operators, Methods and Selectionrules) (Card, Moran andNewell, 1983), ACT* (Adaptive Control of Thought*, * belongs to the name) of Anderson(1983), and Soar (Laird, Newell and Rosenbloom, 1987). These four theories have acommon background which is the information processing theory of Miller (1956). Millerhaspresented two ideas, that is, chunking and the capacityof short term memory and TOTE(Test-Operate-Test-Exit),which are essentialto cognitivepsychology and the informationprocessing framework. TOTE was intended to replace the stimulus-response as the basic unitof behavior. The idea of a TOTEis that a goal is tested to see if it has been reached,otherwise an operationis performed to reach the goal; this until it is finallyreachedorabandoned.General Problem Solver, GPS was an attemptto simulatehuman problem solving bymeans of a computersimulationprogram (Ernst and Newell, 1969; Newell and Simon,1972). In GPS, cognitivemodels were specifiedby using productions, which were laterused in other theories, such as ACT* (Anderson, 1983) and Soar (Laird et al., 1987). GPSwas supposed to be a general problem-solver using the principle of breaking a problem downinto subproblems and solving each of those. UnfortunatelyGPS failed. It was applicableonly to �well-defined�problems, such as proving theorems in logic or geometry, wordpuzzles and chess.GOMS model (Card, Moran and Newell, 1983) tries to explainthose cognitiveskills thatare needed in human-computer tasks. The cognitive structure applied within GOMS has fourcomponents: (1) a set of goals, (2) a set of operators, (3) a set of methods for achievingthegoals, and (4) a set of selectionrules for choosing among competingmethods. Theinterpretation of all cognitive activities is done in terms of searching a problem space, whichis essential in GOMS as well as in Soar (Laird et al., 1987). GOMS has provided a basis forpredictingthe methods and operators users apply in the performanceof computer-basedtasks, such as using text editors and graphics systems (Olson and Olson, 1990).Furthermore, it has been used together with the minimalistmodel (Carroll, 1990) to developdocumentation in a computer format (Gong and Elkerton, 1990).The ACT* (AdaptiveControl of Thought*) theory (Anderson, 1983) is based on theoriginalACT theory (Anderson, 1976) and the model of semanticmemory calledHAM(Anderson and Bower, 1973). Anderson (1990) has criticisedhis theory and provided(1993) the outlinefor a broader developmentof the theory. ACT* concentrateson memory

163. Human learning theories processes and introduces three memory structures: declarativememory that linkspropositions, images and sequences by association, proceduralmemory (also long-termmemory) that represents information in the form of productions, and working memory that isthe most highly activatedpart of long-term(procedural) memory. Anderson, Boyle, Farrelland Reiser (1987) have used ACT* as the basis for intelligent tutors.Soar learning theory (Laird, Newell and Rosenbloom, 1987) has been strongly influencedby GPS and GOMS. Like both of them, Soar is built upon the idea that all cognitiveacts aresome form of search task in a problem space. It uses productions for expressing the humancognition and it has only one procedural memory. Soar, like Miller�sinformationprocessingtheory, applies chunking as the primary mechanismfor learning. Soar has been used as thebasis for systems that configure computersystems and formulatealgorithmsin a seeminglyintelligentway.Altogether�chunking theories�form a consistent research work. GPS was a veryambitiousattemptbut unsuccessful for the reason of the difficultiesto implementhumancognitionin a computerformat. Nevertheless, GPS, as well as informationprocessingtheory, has given a good framework for GOMS and Soar theories, which can be consideredas continuations of the research started with GPS. Both GOMS and Soar have been appliedto varying computer tasks and the research still continues.3.1.3 Learner-centered theoriesAllnine learningtheories in this group emphasise that teachingshould be learner-centered.Learning theories of this group are conditions of learningtheory (Gagn�, 1965), andragogyTheory (Knowles, 1975), criterionreferencedinstructiontheory (Mager, 1975), functionalcontext theory (Sticht, 1975), symbol systems theory (Salomon, 1979), cognitive flexibilitytheory (Spiro, Coulson, Feltovichand Anderson, 1988), anchoredinstructiontheory(Bransford and Cognition & TechnologyGroup at Vanderbilt,1990), minimalism theory(Carroll, 1990), and situated learning theory (Lave and Wenger, 1991). Short descriptions ofeach theory are presented.The main idea of conditions of learningtheory is that there exist differenttypes or levelsof learningand each of them requires differenttypes of instruction. Further, each type oflearningrequires differentinternaland externalconditions. Gagn� and Briggs presented in1974 a set of instructionalevents and corresponding cognitiveprocesses which shouldprovide the necessary conditions for learning and serve as the basis for designing instructionand selectingappropriatemedia. Gagn�s learningtheory has been appliedto the design ofinstruction in several domains (Gagn� and Driscoll, 1988), though the originalformulation,which the theory is based on, was appliedto computer-basedmilitarytrainingprograms(Gagn�, 1962).

3.1. Introduction to learning theories relevant to CAI17

Andragogy theory (Knowles, 1975) is an adult learningtheory that pays attentionto thefact that adults are self-directedand expectto take responsibilityfor decisions. Andragogyhas been affected by experiential learning theory (Rogers, 1969) and, accordingto Knowles(1984), it is applicable to the design of personal computer training.Another theory that resembles experientiallearningand andragogy is criterionreferencedinstructiontheory, CRI (Mager, 1975). It also shares some ideas of Gagn�s conditions oflearningtheory, such as task hierarchiesand objectives. CRI is meantfor the design anddelivery of training programs involving a variety of different media, for example, videotapesand computer-based instruction.The functional context theory (Sticht, 1975) focuses on taking into accountthe experienceof learners and their work contextwhen designing the learningenvironmentfor them. Themain idea is that learning of new information is easier if the learneris able to take advantageof his knowledge and skills to assimilate the new information. Functionalcontexttheory hasbeen applied, for example, in a form of computer-basedinstructionin the U.S. Navy. It iscloselyrelatedto situatedlearningtheory (Lave and Wenger, 1991) regarding the emphasison context during learning.Salomon�s symbol systems theory (1979) focuses on investigating the effects of media onlearning. Salomon points out that symbol systems of mediaaffectthe knowledge acquisitionin many ways, such as highlighting different aspects of content, varying with respect to easeof recoding, and differing with respect to the kinds of mentalprocesses they callon forrecoding and elaboration. Symbol systems theory is similarto the aptitude-treatmentinteraction theory (Cronbach and Snow, 1977). Salomon�s research has concentrated on filmand television, but recentwork is on computers (e.g., Salomon, Perkins and Globerson,1991).The nature of learningin complexand ill-structureddomains is the objectof research incognitiveflexibilitytheory (Spiro et al., 1988). Specialinterestis on the transfer ofknowledge and skills. Therefore, the research is focused on presenting informationfromdifferent perspectives and using several case studies that present various examples. Cognitiveflexibilitytheory has been influencedby other constructivisttheories, such as geneticepistemology (Piaget, 1936), subsumption theory (Ausubel, 1963) and constructivisttheory(Bruner, 1966), and it is relatedto symbol systems (Salomon, 1979). The scope of thistheory is to support the use of interactive technology.Minimalism theory (Carroll, 1990) has its roots in four theories:geneticepistemologyofPiaget (1936), constructivist theory of Bruner (1966), experiential learningtheory of Rogers(1969), and andragogy theory of Knowles (1975). Carroll intendedhis theory especiallyforthe design of training materials for adult computerusers. In minimalism,like in experientiallearning and andragogy, the learner�s experience plays an important role in learning.

183. Human learning theories

Anchoredinstructiontheory of Bransford and Cognition & TechnologyGroup atVanderbilt,CTGV (1990) is another theory that focuses on technology-basedlearning. Itwas aimedat the developmentof interactivevideodisk tools that encouragedstudents andteachersto pose and solve complex, realisticproblems. The conceptof anchoris derivedfrom the function of video materials, which form the basis for all laterlearningandinstruction. Anchored instruction theory shares its emphasis on the use of technology-basedlearning with cognitive flexibility theory (Spiro et al., 1988).Situated learning theory (Lave and Wenger, 1991) emphasises that learningis a functionof the activity, context and culture in which it occurs. It also stresses the importance of socialinteraction.Situatedlearninghas been influencedby Gibson�s informationpickup theory(1966) and Vygotsky�s socialdevelopment theory (1962). Cognition & TechnologyGroupat Vanderbilt(1993) has appliedthis theory in the contextof technology-basedlearningactivities for schools that focus on problem-solving skills.Most theories within this group emphasise experience, motivation, social interactionandintelligence, and are focused on adult learning. Thus, the applications based on these theoriesare mostly computer-based training programs or similar ones.3.1.4 Separate learning theoriesThree learningtheories have been appliedto CAI but we do not includethem in any of thethree groups are discussed next. These three theories are considered as separatetheoriessince they have no clearconnectionto the other theories. The three theories are the scripttheory of Schank and Abelson (1977), repairtheory of Brown and VanLehn(1980), andcomponent design theory of Merrill (1994).The main interestin script theory (Schank and Abelson, 1977) has been the structure ofknowledge. It is based on conceptualdependency theory (Schank, 1975) which focused onthe representationof meaningin sentences. Centralconcepts of script theory are scripts,plans and themes, which are for handling story-level understanding. Script theory is aimed atexplaining language processing and higher thinking skills. It has been applied, for example,to the development of intelligent tutors (Schank, 1991).Within the framework of repair theory, Brown and VanLehn(1980) have examinedhowpeople learn proceduralskills. Their specialinteresthas been how and why people makemistakes. They propose that when an individual is heading for an impasse, i.e., a procedurecannot be performed, he applies various strategies, or scripts, to overcomeit. Repair theoryis based on the study of childrensolving arithmeticproblems and it is implementedas acomputer model called Sierra (Kearsley, 1996).The componentdesign theory (Merrill, 1994) is strongly based on Merrill�sprevioustheory calledcomponent display theory (Merrill, 1983). Component design theoryemphasises the course structure and instructional transactions rather than presentationforms,

3.1. Introduction to learning theories relevant to CAI19 as Kearsley (1996) points out. Furthermore, the learnercontrol strategiesintroducedincomponent display theory are replaced by the advisor strategies in componentdesign theory.The old CDT theory has been used in the design of the lessons in the TICCIT (TimesharedInteractiveComputer-ControlledInformationTelevision)computer-basedlearningsystem(Merrill, 1980) and as the basis for the InstructionalQualityProfile, which is a qualitycontrol tool for instructional materials (Merrill, Riegeluth and Faust, 1979). The developmentof the new CDT theory has been closely relatedto work on expert systems and authoringtools for instructional design (e.g., Li and Merrill, 1991; Merrill, Li and Jones, 1991).Theories gathered into this group have no special relation to each other. Instead, they havetypicallybeen a result of the research work of one group over a long period, for exampleMerrill has developed his CDT theory since the first half of 1980�s.3.1.5 Summary of the theoriesThe learningtheories behind CAI have been discussed shortly above. The goals ofinstruction and typical features of the presented theories are collected in Table 3.1.The review shows that the assortment of theories is very wide. Some of these learningtheories try to explain adult learningand, therefore, emphasise the importanceof experienceand existing knowledge. Some other theories stress the social interaction as the essentialpartof learning process. All these aspects are important for learning but it should be rememberedthat people are individuals and learn in different ways. Therefore, what suits one person maynot be convenient for another.GenerallyCAI theories concentrateon a certainage group (e.g., adults), a certaintopic(e.g., elementaryreading, languageprocessing), certainskills (e.g., mathematicalskills,higher thinking skills, problem solving skills), or a certaintechnology(e.g., film andtelevision,interactivetechnology,computer-basedtrainingmaterials). This indicatesthat thecomplexity of human learning is a well-known problem and, thus, researchers do not try tocreategenerallearningtheories that would explainhuman learningin all ages and alldomains.There exist some features that are common to most of the theories. These features includethe motivation of the learner, which is emphasised almost in every theory, and the idea thatlearning is based on students� existing knowledge and happens through adding, changing orruling out that knowledge. Motivationis necessary because if learners are not well-motivated, learningmay remainsuperficial, for example, students know things by heartonly, and real learning may not happen. In addition, it is common that knowledge and skillsare learned different ways and the age of the learner affects to the learning process.

203. Human learning theories

Table 3.1: The goals of instruction and typical features of some humanlearningtheories.CategoryName of thetheoryThe main goal of instructionTypicalfeaturesHistoricaltheoriesMathematicallearning theoryLanguage learning in the contextof computer based instructionQuantitative terms for describing andexplaining behaviorOperantconditioningChanges in behavior (stimulus-response)Programmed instruction and teachingmachines�Chunkingtheories�ACT*Memory effects and higher orderskills (e.g., geometry proofs andprogramming)Productions, three memories(declarative,proceduralandworking)GOMSCognitive skills involved inhuman-computer tasks (e.g., textediting)Problem space, set of goals,operators, methods, and selectionrulesGPS (GeneralProblem Solver)Problem solving usingproductions for specifyingcognitive modelsProduction rules, problem breakinginto subcomponentsSoarArchitecture for human cognition(e.g., verbal learning tasks,reasoning)Problem space, procedural memoryandproductionsLearner-centeredtheoriesAnchoredinstructionProblem solving (e.g., elementaryreading, mathematical skills)Technology-basedlearning,interactive videodisk tools usinganchorsAndragogyProblem-solving on topics ofimmediate value (e.g.,managementdevelopment)Adultlearning:self-directedstudentstake responsibility for decisionsCognitiveflexibilityTransfer of knowledge and skillsusing different perspectivesComplex and ill-structured domains;use of interactive technologyConditions oflearningIntellectual skillsDifferent instruction for differentlearning outcomes on specific internaland external conditions of learningCriterionreferencedinstructionMastery of learning objectives(e.g., technical training includingtroubleshooting)Training programs using a variety ofmedia and a set of methodsFunctionalcontextBasic skills (e.g., reading), adulttechnical and literacy trainingExperienceoflearnersMinimalismSkills of computer users (e.g.,word processing, programming)Adult learning, minimisation ofpassive forms of trainingSituated learningKnowledge acquisition (e.g.,problem solving skills)Learning is a function of an activity,context and culture.Symbol systemsKnowledgeacquisitionEffects of media on learningSeparateComponentCognitive skillsTwo dimensions of learning with four

3.2. Four learning theories of current interest21 learningtheoriesdesign theoryprimary and five secondarypresentation formsRepair theoryProcedural skillsRepairs for impassesScript theoryCognitive skills (e.g., languageprocessing, higher thinking skills)Scripts, plans and themes to handlestory-levelunderstanding3.2 Four learning theories of current interestIn this section, four learning theories of current interest and some example applications basedon them are discussed more widely. We try to find at least one learningtheory that could beused as a basis for our instructionalcriteriaand these four theories seem to be the mostpromising candidates for our purpose.These four theories represent thinking that considers teachingas a transformationofknowledge, not as a transmission of it. The selectedfour theories are conditions of learningtheory, ACT*, cognitive flexibility theory, and situatedlearningtheory, and the applicationsbased on them are GAIDA, Geometry Tutor, hypertext applications,and the Adventures ofJasper Woodbury, respectively. A computerplays differentroles within these theories. It isused for presenting informationin conditions of learning, in cognitiveflexibilitytheory andin situated learning theory, while ACT* tries to model human intelligence using a computer.3.2.1 Conditions of learning theory and GAIDAConditions of learningtheory (Gagn�, 1965) emphasises that successful learningrequirescertain internal and external conditions. Further, there exist differenttypes of learningwhichrequire differenttypes of instruction. These types of learning, or outcomes that learningisexpectedto have, as Gagn� and Briggs (1974) put it, should be the starting-pointfordesigning of instruction. The categories of learning outcomes are:¥intellectualskills,¥cognitivestrategies,¥verbalinformation,¥attitudes, and¥motor skills.Intellectual skills involve �knowing how,� rather than �knowing that.� Intellectual skills makethe human individualcompetentand enablehim to respond to conceptualisationsof hisenvironment. Further, the learning tasks involved with intellectualskills can be divided intohierarchicalcategoriesaccordingtocomplexity:¥stimulusrecognition,¥response generation,¥procedure following,¥use of terminology,¥discriminations,

223. Human learning theories

¥conceptformation,¥rule application, and¥problem solving.The importanceof this hierarchyis that it helps to recognise prerequisitesthat should becompletedto facilitatelearningat each level. These prerequisitesare found using a taskanalysis of a learningtask. The hierarchyalso serves as a basis for the sequencing ofinstruction.Cognitivestrategiesare internallyorganised skills which govern learners� own behavior.They are used by learners to manage the processes of attending, learning, remembering, andthinking. These processes, for their part, activate and modify other learning processes.Verbalinformationconsists of three kinds of learningsituations, namely, learningoflabels or names, learning of isolated or single facts, and learning of organised informationorknowledge. Verbal information serves as a prerequisite for future learning.Attitudes are divided into two classes which are, firstly, the attitudesthat the student hastoward the school institution and things related to it, and secondly the attitudes that the schoolaims to establish or change as the result of instruction. As attitudesfunction to affect�approaching� or �avoiding,� as Gagn� and Briggs (1974) put it, they influence a large set ofspecific behaviors of the individual.Motor skills make possible individuals�precise, smooth, and accuratelytimedexecutionof performances involving the use of muscles. A totalperformancecan usually be dividedinto part-skills that occur simultaneouslyor in a temporalorder. In order to learn this totalperformance, the integrationof its parts, as well as the componentpart-skills themselves,must be learned.GAIDAGAIDA(Guided Approachto InstructionalDesign Advising) is an on-line, case-basedsystem giving guidance for designing interactive courseware. It is strongly based on anotherproject called AIDA (Advanced Instructional Design Associate), which is aimedat providingpowerful on-line courseware authoring assistance. AIDAsystem (Armstrong Laboratory,1996a) consists of lesson templatesthat guide the subject matterexpert in developingcourseware, reusable instructionalstrategy templates, integratedtext, graphics, and videoeditors, an integratedsimulationauthoring capability,and an automatictest questiongenerator. The templatesare pre-programmedwith expert knowledge of instructionalstrategiesthat are effectivefor such lesson objectivesas identifyingparts and functions ofdevices, executing operating and maintenance procedures, and interpreting various diagnosticprocedures and information.GAIDA(Armstrong Laboratory, 1996b) is both an authoring advisor and an interactivecourseware collection, since it has two modes calledguidanceand lesson. These modes are

3.2. Four learning theories of current interest23 used side by side, since the user is provided with an explanationof using the nineinstructionalevents of Gagn� effectivelyto createinteractivecourseware, and thisexplanation is tied to the GAIDA database of cases allowing the user to jump from guidancemode to lesson mode as desired. The lesson databaseof cases contains computer-basedinstruction for a range of learningobjectivesand presentationtechniques, includingvariousmultimediaapplications.The targetuser group of GAIDAis novice courseware developers for whom it providesautomatedinstructionaldesign guidance. Accordingto Armstrong Laboratory(1996b),GAIDA elaborates the nine events of instruction in the contextof specificinstructionalgoalssuch as identification,classification,checklistprocedure, and memory procedure. Theseevents of instructionare gain attention, indicategoal, recallprior knowledge, presentmaterial, provide learning guidance, elicit performance, provide informative feedback, assessperformance, and enhanceretentionand transfer. In addition, GAIDApresents specificadvice concerning the effective use of multimedia.3.2.2 ACT* and the Geometry TutorAnderson has attempted to relatetheoreticalprinciplesto acquisitionof proceduralisedskillsin his ACT* theory (1983, 1987). For modelingcognitiveskills he has used hierarchicallyarranged productions which he regards as the key elementof skill acquisition. The problemsolving is organised using both cognitiveunits formed by productions and the hierarchicalgoal structure specified by productions. Current active knowledge is referred as the workingmemory, in which a new, externallyset goal gets active. In production memory, if thereexists an established production for solving the given type of problem, then that productionwill be generatedfor the problem. In a case that there does not exist a known solution, asearch for a solution must begin. Accordingto Polson (1993), it is assumed that to solvenovel problems people apply weak-problem solving to the declarative memory that they haveabout this domain. Newell and Simon (1972) have stated that this weak-problemsolvingsolution comprises analogy, means-ends analysis, working backward, hill climbing, andforward search.These generalweak-problemsolving rules are used for generatinga solution to theproblem. The existing declarativeknowledge about the domain determineswhich weakmethod will be applied. A successfully solved problem produces a route consisting of thehierarchicallyorganised productions. The route is found by a search through declarativememory for the necessary conditions. The next step is to transform this route to someefficientdomain specificproductions by compilation.The first phase of compilationisproceduralisationinwhich the route of productions is generatedin the production memory.This relievesworking memory since there is no longer any need to search declarativememory for the conditions that can be removed from the working memory. On the second

243. Human learning theories phase, the productions belonging to the route are compiledinto a production that carriesthrough the same task. The advantageof compilationis that it speeds up solving the futureproblems of this nature.Geometry tutorGeometry Tutor is an intelligenttutor for geometryproblem solving instructingtraditionalEuclideanproof skills. Accordingto Anderson (1993), geometryexpertiseis managingadifficultsearch task by means of heuristics. The goal of the Geometry Tutor is to teachstudents approximately 100 rules of inference that they can use for proving various geometryproblems. It is importantthat students learn to recognise which rules are plausibleonesamong all applicable rules.The intelligence of the Geometry Tutor is based on an expert model that knows when toapply various rules of inference. There exist various contextuallybounded rules thatrecognise the situationin which a certaingeometryinferenceis likelyto be useful. Inaddition, there exist backward-inferencerules for setting particularsubgoals when it isconsidered reasonable. In order to follow students� moves there exist low-rated versions oflegal rules of inference, which are much weaker and, therefore, they are not preferred if anyhigher rated rules are applicable. Each production rule has a rating that is a one-dimensionalquantity associated with that rule. This rating should be considered as a mixtureof cost andprobabilityof success and it indicateshow likelya production is to fire. Anderson (1993)states that this expert model is able to find proofs quite efficientlyand it represents the kindof expertise that was building up in successful students as a function of their experiencewithdifferent problems.The user interface of the Geometry Tutor consists of three parts: the statementthe studentis trying to prove, the givens of the problem, and the problem diagram. The student uses amouse to selecta set of statementsand enters a rule of geometricinferencethat takes thesestatements as premises. After that the student is asked to type in the conclusion that followsfrom the rule. For enteringthe conclusion the student is provided with a menu, whichcontains the relations and the symbols of geometry. Thus, one step of inferenceconsists ofthe sequence of premises, rule of inference, and conclusion. The system updates the screenafter each step. At the end the tutor shows a completedproof which consists of a graphstructure connectinggivens to the to-be-proven statement. This completedproof graph isenlighteningin two ways, namely, students see how inferencescombineto yield a proof,and the search inherent in proof generation is explicitly represented.If the student has many difficultieswith the proof the tutor points him to the key step insolving the problem. In addition, the tutor gives advicewhat to do and, if needed, showshow the specific conclusion can be proved. The student is able to use both reasoning forwardfrom the givens and reasoning backward from the conclusions.

3.2. Four learning theories of current interest25

Accordingto Anderson (1993), the proof graph makes concretetwo abstractfeatures ofproblem solving in geometry, namely, the logicalrelationshipsamong the premises andconclusions, and the search process by which one hunts for a correctproof. He states thatstudents have a great deal of difficultywith both of those constructs. The proof graphfacilitates instruction on these abstract concepts by creating an external referent.3.2.3 Cognitive flexibility theory and hypertext applicationsCognitive flexibility theory (Spiro, Coulson, Feltovich and Anderson, 1988; Spiro, Vispoel,Schmitz, Samarapungavanand Boerger, 1987) is a generaltheoreticalorientationtoknowledge acquisitionand applicationin complexand ill-structuredcontentdomains. It isbased upon cognitive learning theory and serves as a conceptual model for designing learningenvironments. Accordingto Jonassen (1992), the major principlesof cognitiveflexibilitytheory include the following:¥avoids oversimplifying instruction,¥provides multiple representations of contents,¥emphasises case-based instruction,¥context dependent knowledge,¥knowledge construction, not transmission, and¥supports complexity.Instructionalmaterialsshould avoid oversimplifyingthe contentdomain. This principleisbased on that if students are provided with oversimplifiedtasks they lateron fail tounderstand their field at a more advancedlevel. Therefore, instructionshould reflectthecomplexitythatnormallyfacesthepractitioners.Multipleperspectivesor interpretationsof the instructionalcontentare representedwhencognitiveflexibilitytheory is applied. The reason for this is that in order to understand thecomplexity of the world individualsmust perceiveand reconcileits differentinterpretations.According to Gick and Holyoak (1983), the instructionaluse of multipleanalogiesfacilitatethe understanding of multiplementalrepresentations. This understanding is needed for thetransfer of acquired knowledge to novel situations, that is, in problem solving.The advantageof the case-based instructionis that the more varied cases are used toillustrate the content domain, the broader the conceptual bases that they are likelyto support,as Jonassen (1992) puts it. Multipleperspectivesor themes that are inherentin many casesare the best ways to illustrate the ill-structuredness of any knowledge domain.It is important to present knowledge in a situationthat is representativeof its normal usesince, accordingto Brown, Collins and Duguid (1989), knowledge is best acquiredinrelevantsituations that are likelyto be encounteredby the student as a practitioner.This isbased on the notion that the same entity or objects may appear or function quite differentlyindifferent contexts (Jonassen, 1992).

263. Human learning theories

Cognitiveflexibilitytheory emphasises that students should be responsible forconstructingtheir own knowledge representationsin order to adapt and use it in novelsituations. The reason for this is that when an individualintegratesknowledge into his ownknowledge structure it becomes more transferable to different problem domains.Complexityof the instructedknowledge is supported since it is importantthat studentsrecognise the inconsistenciesin that knowledge and acquireit in a non-compartmentalisedform. A method for supporting complexity is to present multiplerepresentationsof the sameinformation and different thematic perspectives on the information. Students construct usefulknowledge structures by comparingand contrastingthe similaritiesand differences betweenthese cases.Hypertext applicationsThe usage of hypertextas an instructionalapplicationhas been studied for several years.Jonassen (1992) argues that cognitive flexibility theory implemented in hypertext provides aneffectivemodel for designing and developingcomputer-basedinstructionto supportadvancedknowledge acquisitionwhich is required by professionals to solve real-worldproblems. Jonassen (1991) has presented reasons that make hypertexta powerfulenvironmentin which to design, develop, and delivermost computer-basedlearning. Thefirst of the reasons is the flexibilityof hypertextwhich is based on its associativestructure.Anotherreason is that hypertextand instructionalsystems share the same theoreticalframework. In addition, a varietyof instructionaldesigns can be mapped directlyontohypertext, that is, it can well be used both as a design and developmentenvironment. Lastly,the differences between designers and users becomeless obvious, as hypertextsystemsbecomemorecollaborative.Jonassen (1992) also states that for conveying or deliveringtraditionalinstructionhypertextis an inappropriateenvironment. He emphasises that students can learn fromhypertextonly if they have a useful, relevant, and constructivepurpose for accessinginformation in the hypertext.Hypertexts based on cognitiveflexibilitytheory are discussed, for example, in Jacobson(1990), Spiro and Jehng (1990) and Jonassen (1992). One hypertextis presenting anoverview of transfusion medicine by describing problems in blood transfusion from multipleperspectives. This knowledge domain is very wide and complexsince it includes alldisciplinesin medicinewhich are involved with handling blood, and it entailsboth severalbasic sciences and clinicalareas. Accordingto Jonassen (1992), the hypertextconcentrateson assessing risks, differentialdiagnosis, and prescriptivetreatmentof the range oftransfusion problems to donors and recipients. Since transfusion medicinehas grown morecomplex, additional learning has become necessary. Furthermore, the area of blood bankingand hemotherapy has been incomplete and plagued with misinformation and opinions. These

3.2. Four learning theories of current interest27 are the reasons why the transfusion medicinehypertext, which is aimedto enhancetheeducation of medical students, residents and practicing physicians, has been developed.The transfusion hypertextoperations are based on a databasewhose declarativeknowledge is generatedand structured using matrixanalysis (Jonassen, Hannum andTessmer, 1989). This database contains informationof various kinds of transfusion events,causes of which may produce several possible symptoms or require several optionalmedicalinterventions. These transfusion events interactwith the purpose of the transfusion, thephysiology of the patientand many other factors that causes the ill-structurednessofindicators. As a result, no single case is able to represent all of the possible transfusioneffects.In additionto the knowledge base, other parts of the transfusion hypertextincludeaglossary, seven practice cases for training, three test cases, a set of 24 mini-casesrelatedtothe practice cases, and a library of handlers. The seven practice cases, also known as primarypractice cases, are employed for orientating the program. Students start practicing using thesecases and through them they have access to any needed informationor actions, such as atransfusion medicinetextbook, query importantoperativesin the case, order tests, orcompare the current case to similar cases. Thus, students are provided with several points ofviews. In addition, the program presents analytic feedbackspecificto the student�s selectionwhen an action is taken.Jonassen (1992) has evaluatedflexibilitytheory to this transfusion hypertext. He reportsthat transfusion medicineis a complexknowledge domain which must be made cleartostudents by the instruction. Therefore, the tenetof flexibilitytheory stating that instructionshould not be oversimplified supports the usage of the hypertext format. Similarly, hypertextformat provides multiplerepresentationsof contentwhich is another tenetof flexibilitytheory. Students using the transfusion hypertextmay consult several people, such as thepatient, resident, or attendingphysician, or they can seek informationfrom a textbook. Allthese sources give students information from differentperspectives. Further, the transfusionhypertextcontainingthe seven cases and 24 relatedcases support case-based instruction,which is emphasised in cognitiveflexibilitytheory. Furthermore, the cases provided in thishypertextare real transfusion cases, which is very importantsince students acquireknowledge best in relevantsituations that are likelyto be encounteredby them aspractitioners(Brown, Collins and Duguid, 1989). One of the tenets of flexibilitytheorystates that learners must construct meaningfulknowledge representationsin order to adaptand use the information in novel situations. This demand is fulfilledin transfusion hypertextsince students have to access and associateinformationin relevant, practicalsituations.Students have to build complexschemataconsisting of proceduraldata in order to solvecases. Lastly, the transfusion hypertext supports both complexityof the domain by offeringmultipleperspectiveson each case and relatedcases for students to compareand contrast

283. Human learning theories them. Similarly, the hypertextsupports students acquiringnon-compartmentalisedknowledge.3.2.4 Situated learning and the Adventures of Jasper WoodburySituatedlearningtheory (Lave, 1988; Lave and Wenger, 1991) emphasises two principles.The first one states that knowledge needs to be presented and learned in an authenticcontext,that is, settings and applicationsthat would normallyinvolve that knowledge. The secondprinciplesays that learningrequires social interactionand collaboration.Especiallythe firstprinciplecontrasts with the traditionalclassroom learningactivitiesthat involve knowledgewhich is often presented in an abstractform and out of context. Lave and Wenger state thatlearningis situatedboth in space, timeand relationto social practiceand, thus, learningislegitimateperipheralparticipationin a communityof practice. This communityof practice,which is a broad characterisation comprising all social relations, represents, to quote Heaney(1996), �a negotiated set of relationsamong persons, their actions, and the world over timeand in relationto other tangentialand overlappingcommunitiesof practice.� The complexidentityof each person consists of relationshipswithin multiplecommunitiesof practice.Individuals� possibilitiesfor learningare defined and limitedby the structures ofcommunitiesin which each individualparticipates.These structures also set terms forindividuals�legitimateparticipation.Therefore, learningis an ongoing negotiationwithcommunitiesofpractice.Further, learning is participation which means absorbing and being absorbed in the cultureof practice. It can be centripetalor centrifugal, i.e., moving an individualinward towardmore intensiveparticipation,which is empowering, or moving an individualoutward,keeping him on the periphery and preventinghim from participatingmore fully, which isdisempowering, respectively.The theory of situatedlearninghas been developedfurther by other researchers. As anexample, Brown, Collins and Duguid (1989) emphasise the idea of cognitive apprenticeship:Cognitiveapprenticeshipsupports learningin a domain by enablingstudents toacquire, develop and use cognitivetools in authenticdomain activity. Learning,both outside and inside school, advances through collaborativesocial interactionand the social construction of knowledge.The Adventures of Jasper WoodburyThe Adventures of Jasper Woodbury is a program focused on mathematicalproblem solvingwith links to science, history, social studies and literature.Its theoreticalbasis is the theoryof anchored instruction(Bransford and CTGV, 1990) which is a specialisedform of thesituatedlearningtheory. The idea of the anchored instructionis to anchor instructioninmeaningfulproblem solving environmentsthat allow teachersto simulatein the classroomsome of the advantagesof �in-context�apprenticeshiptraining(Brown et al., 1989).

3.2. Four learning theories of current interest29

According to CTGV (1994), the special emphasis is on contexts that help novices move froma generalunderstanding of a complexproblem to one in which they learn to generateanddefine the distinctsubgoals necessary to achievean overallgoal. The creationof theseinstructionalmaterialsthat produce generativelearningactivitieshas been guided by sevenbasicdesignprinciples:¥video-based format (teacher and budget friendly),¥narrative with realistic problems (rather than a lecture on video),¥generativeformat (students must generatethe subproblems to be solved at theend of each story),¥embedded data design (all the data needed to solve the problems are in the video),¥problem complexity (each adventure involves a problem of at least 14 steps),¥pairs of relatedadventures (discussions of similaritiesand differences helpstudents focus on general characteristics), and¥links across the curriculum (to supplementthe standard mathematicscurriculaina way that motivates students to explore mathematics in more detail).The Adventuresof Jasper Woodbury are video-based series for learningproblem posing,problem solving, reasoning, and effective communication. At the end of each 15-20 minutesadventure, the major characteror group of charactersof the movie have a problem to besolved. The students in the classroom must solve that challengebefore they are allowed tosee how the movie characters solved it.The adventures of Jasper Woodbury, like the other applicationsof anchored instructioncreated by CTGV, has several goals, such as, highlight the uses of knowledge, help studentsdevelop representationsof their experiencesthat set the stage for positive transfer, promotecollaborativelearning, and help students improve their abilitiesto accomplishgoals that aremore holistic than typical tests of student achievement. These goals are fulfilled using variousmethods. Anchors be used to help students see the need for new learningand set importantlearninggoals. Accordingthe CTGV (1993), it appears that the experienceof identifyinglearninggoals and then setting out to accomplishthem is a very importantaspect ofadaptation in everyday life. Secondly, students learn to represent multiplesolution paths, tosummarise data, and to discuss characteristics of various types when using the Jasper series.Furthermore, collaboration is necessary since the problems depictedin anchors are complexand, thus, any individualstudent is unlikelyable to solve them completely.Lastly, theholisticgoals, such as, beginning with a generalindicationof a problem, generatingthesubgoals to solve it, and then doing so, are more importantthan producing higher scores onstudent achievementtests. In addition, students are encouragedto present their ideas andarguments to others and criticise others arguments.The CTGV (1993) reports their experiencesduring the anchored instructionresearchproject. For example, it is a big challengeto change the culturein classrooms, that is, thechange of the role of teachers from tellers to coaches and fellow learners. Further, it is betterto start with simple, familiartools, such as a videodisk player and introducemore

303. Human learning theories sophisticatedcomputertechnologieslater. In addition, they stress the importanceof theschool-wide and community-widesupport for new projects. For this reason they haveattemptedto provide additionalsupport by creatingsome key assessment instruments thatwould allow teachers to show others what the students have learned.

CHAPTER IV31

4 Criteria for evaluation of CAI courses in computerscienceCriteria for evaluation of CAI courses in computerscienceSeveral points of view must be considered when designing and evaluatinga CAI course,such as domain-baseddemands, instructionaldemands, user interfacedemands, andpragmaticdemands. These requirementsare discussed in a case of computerscienceand aset of criteria is elicited. Since there exist factors that are relatedto several demands, such asinteractivity and feedback, which both are related to instructional demands and user interfacedemands, they are discussed in both sections.These evaluationcriteriacan be considered as the embodimentsof differentevaluationperspectivesto CAI courses (see Figure 4.1). These perspectivesconcentrateon differentproperties of a CAI course, thus, togetherthey form a consistent view of the examinedcourse.Figure 4.1: Evaluation perspectives to a CAI course.The criteria can be modifiedfor designing and evaluatingCAI courses in other domains bydefining the criteria based on the desired domain and replacing the criteria based on computerscience with them.CAI course

Domain-baseddemandsInstructionaldemandsPragmaticdemandsUser interface demands

324. Criteria for evaluation of CAI courses on computer science

4.1 Background for the selection of the criteriaDomain-based criteriaWhen defining the domain-basedcriteria, it is necessary to know the domain properly. Inaddition, it is important that the concepts and methods of that domain are generallyapprovedwithin the domain, otherwise the criteria will not be applicable throughout the domain. If thedomain is disputed, it is better to concentrate on subdomains and state clearly the limitsof it,rather than try to create criteria on the whole domain.Our criteria for the domain of computerscienceare based on the report of Denninget al.(1989) which has been condensed from the Report of the ACMTask Force on the Core ofComputer Science. This report presents a framework for the disciplineof computingand abasis for computingcurricula. The task-force was given three generalcharges (Denningetal., 1989):1. Present a description of computer science that emphasises fundamentalquestionsand significant accomplishments. The definition should recognise that the field isconstantlychanging and that what is said is merelya snap-shot of an ongoingprocess of growth.2. Propose a teachingparadigmfor computersciencethat conforms to traditionalscientific standards, emphasises the development of competence in the field, andharmoniously integrates theory, experimentation, and design.3. Give a detailed example of an introductorycourse sequence in computersciencebased on the curriculum model and the disciplinary description.The paradigms stated for the disciplinedefined by the task-force provide the contextforfulfillingthe charges described above. The task-force ended up to define computingas adisciplineand its division into subareas. These paradigms, the definition, and the subareasare discussed in detailin section 4.2. The task-force emphasised that their descriptionofcomputingis �living," that is, it can be revised from timeto timeto reflectmaturityandchange in the field.Like in other domains, in computer science the goal of education is to developcompetencein the discipline. Accordingto Denninget al. (1989), the educationalprocess that leads tocompetencehas five steps: (1) motivatethe domain;(2) demonstratewhat can beaccomplishedin the domain;(3) expose the distinctionsof the domain;(4) ground thedistinctionsin history; and (5) practicethe distinctions. Computer sciencehas two broadareas of competence, namely, discipline-orientedthinking and tool use. The first, whichDenning et al. (1989) consider the primary goal for computing majors, is the ability to inventnew distinctions in the field, leading to new modes of actionand new tools that make thosedistinctions available for others to use. The latter is the ability to use the tools of the field foreffective action in other domains.

4.2. Criteria based on subject33

Instructional criteriaThe instructionalcriteriaare based on instructionalevents of conditions of learningtheory(Gagn�, 1965). Even though this theory does not represent the latesttrends emphasised inhuman learning(e.g., constructivism), it offers an appropriatebasis for our evaluationcriteria. The reason is that the emphasis of this theory, that is, there exist differenttypes oflearning(see Section 3.2.1), supports well our subject domain. By this we mean thatteachingcomputersciencerequires instructionon all learningtypes (i.e., intellectualskills,cognitive strategies, verbal information, attitudes and motor skills) emphasised in conditionsof learning theory and the instructional events offer a proper framework for the criteria. It ispossible that our instructionalcriteriaare not applicableto all domains but in our case theywork fine.In Table3.1 there are presented the goals of instructionand typicalfeatures of learningtheories applied to CAI. On comparison of the theories, we noticedthat there does not existmany theories that could have been used as the basis for our criteria. The historicaltheoriesare out of question since they are obsolete. The �chunking theories�are promising but wedid not become convinced of their functionality.The learner-centered theories form the most promising group of theories. However, mostof the theories of this group proved to be inappropriatefor our needs. For example, sometheories emphasise the learningsituationand the contextof learning(e.g., anchoredinstructionand situatedlearning)which are less importantwithin computerscience. Someother theories stress learners� experience(e.g., andragogy, functionalcontext, andminimalism)which is importantbut cannot be expectedfrom young adults that computersciencestudents mostly are. We considered the conditions of learningtheory the mostsuitable learning theory for our purpose since it meets all our needs. Other theories that mighthave been useful are criterionreferencedinstruction, which shares some ideas with theconditions of learningtheory (i.e., learningneeds and outcomes), and cognitiveflexibilitytheory that could be applicable to CAI courses on computer science in advanced level..The separatetheories seem too unilateralfor our purposes. Therefore they weredisregarded.4.2 Criteria based on subjectComputer scienceand computerengineering, commonlycalledcomputing, are domainswhich aim at solving problems using computers. Denning et al. (1989) have stated that thesetwo disciplineshave three paradigms that are partly common to both of them. Theseparadigms are theory, abstractionand design. Theory, which is based on mathematics,consists of four steps:1. characteriseobjectsofstudy(definition);2. hypothesise possible relationships among them (theorem);

344. Criteria for evaluation of CAI courses on computer science

3. determine whether the relationships are true (proof); and4. interpret results.Abstraction, which is based on the experimental scientific method, also consists of four stepsused for investigating a phenomenon:1. form a hypothesis;2. construct a model and make a prediction;3. design an experiment and collect data; and4. analyse results.Design, which is based on engineering, consists of four steps that are used for constructing asystem to solve a given problem:1. staterequirements;2. statespecifications;3. design and implement the system; and4. test the system.Computer science focuses on theory and abstraction, whereas computerengineeringfocuseson abstractionand design, as Denninget al. (1989) have stated. From now on, computerscience and computer engineering will be combined under the name of computer science.Differentmethods play an importantrole in computerscienceinstruction, since studentsare taught to recognise problems, find solutions to these problems, and finally, implementthese solutions in a computerformat. Good knowledge of both mathematicsand logic arenecessary for computerscientists since implementingcomplexcomputersystems requiresability both to understand abstractproblems and to draw conclusions. To quote Denningetal. (1989):The discipline of computing is the systematic study of algorithmicprocesses thatdescribe and transform information:their theory, analysis, design, efficiency,implementation,and application.The fundamentalquestion underlying all ofcomputing is, �What can be (efficiently) automated?�At the university level, computerscienceeducationemphasises generalabilitiesto solvecomputertasks and good generaleducationon availablecomputertools and techniques,rather than practicalskills. Therefore, instructionof computersciencemostly consists ofteaching abstract concepts and methods, though practical skills cannot be totally forgotten.Computer scienceis a fast developingdiscipline, which causes great challengestoeducators. Changes both in hardware and software force frequent assesment of the computerscience curriculum. This means that the curriculum should be updated to cover new conceptsand methods. These changes reflect also to CAI courses on computersciencethat should beflexible to update. Since changes within the disciplinehappen fast, updating is necessary inorder not to waste lots of design and implementationeffort put into CAI courses on thisdomain.

4.2. Criteria based on subject35

The domain of computer science contains a wide range of diverse topics. It can be dividedroughly into the following subdomains (Denning et al., 1989):• algorithms and data structures• programminglanguages• architecture• numericalandsymboliccomputation• operating systems• software methodology and engineering• databasesandinformationretrieval• artificialintelligenceandrobotics• human-computercommunicationThis is not the only possible division but it describes the domain very well and is used fordifferent purposes, such as for classificationof literaturein Computing Reviews or fordesigning computer science curricula. Each of these subdomains has its elementsof theory,abstraction and design that define the main features of it. The weights of theory, abstractionand design differ within each subdomain, that is, some subdomains are considered morepracticalthan theoretical.As an example, algorithms and data structures, numericalandsymbolic computation, and software methodology and engineering have a theoreticalnature,whereas programming languages, architecture,and operating systems are aimed more atpractice. The next discussion of some of these subtopics is based on a report of Denning etal. (1989).Algorithms and data structures have a very strong theoreticalbackground, which consistsof computability theory, computational complexity theory, time and space bounds, levels ofintractability,parallelcomputation, probabilisticalgorithms, cryptography, and somesupporting areas (e.g., graph theory, combinatorics, calculus, and semantics). Computerscience students should be familiarwith this theoreticalbackground before they can fullyunderstand how and why algorithms are designed the way they are, and how algorithmswork. In addition, the theory of algorithms and data structures gives students fundamentalconcepts and guidelines to abstract and design their own algorithms. Algorithmsand datastructures form the basis for all computing, thus, students necessarily need to know them.The theoreticalbasis of programming languages consists of formal languages andautomata, Turing machines, Post systems and l-calculus, formal semantics, and supportingareas, such as, predicate logic and temporal logic. This theoretical part often has a minor rolein a computer science curriculumthat prefers to concentrateon introducing differentprogramming languages. This kind of attitudeis harmful since without proper theoreticalknowledge students are unable to understand the fundamentalquestions of programminglanguage area, namely, what possible organisations presented by the language are, howthese abstractions are implemented on computers, and what notation can be used effectively

364. Criteria for evaluation of CAI courses on computer science and efficientlyto specify what the computershould do. Programming languages are usefulfor giving substance to algorithms if the theoretical background is not forgotten.The area of architecture aims at organising hardware into efficient, reliablesystems, suchas hardware units for fast computation (e.g., arithmeticfunction units), efficientmethods ofboth storing and recording informationand detectingand correctingerrors, computeraideddesign (CAD)systems, and supercomputers (e.g., Cray and Cyber machines). Theorybehind these aims is based on Boolean algebra, switching theory, coding theory, finitestatemachinetheory, and supporting areas, such as queuing, reliabilitytheory, discretemathematics,and number theory. Architectureis easily misunderstood merelyas purehardware. This misconceptionshould be correctedby emphasising the fundamentalsofcomputerarchitectureininstruction.Students often complainabout the amount of mathematicsincludedin computersciencecurriculum. It should be explained why they need such skills and knowledge. Numerical andsymbolic computationfocus on solving several problems, such as how we can accuratelyapproximatecontinuous or infiniteprocesses by finitediscreteprocesses, how rapidly agiven class of equations can be solved for a given levelof accuracy, and how symbolicmanipulationson equations (e.g., integration, differentiation,and reductionto minimalterms) can be carriedout. The theories needed for understanding the meaningof andreachingthese aims are number theory, linearalgebra, numericalanalysis, nonlineardynamics, and as supporting areas calculus, real analysis, complexanalysis, and algebra.Students need to learn at least the basics of these theories in order to be able to understand,design and implement algorithms solving mathematical problems. To quote Repo (1996), �adeep conceptual understanding is important in the process of learning algorithmic skills.�Databaseand informationretrievalsystems emphasise several topics, such as choosingappropriate modeling concepts to represent data elementsand their relationships, combiningbasic operations into effectivetransactions, translatinghigh-levelqueries into high-performanceprograms, protectingdata against unauthorised access, disclosure, ordestruction, and indexing and classifying text for efficientretrieval. The theoreticalbasis ofthis subdomain is also very extensiveincludingrelationalalgebraand relationalcalculus,dependencytheory, concurrencetheory, statisticalinference, sorting and searching,performanceanalysis, and, as supporting theory, cryptography. Databaseand informationretrievalsystems are needed more and more in everyday life. Therefore, computersciencestudents have to know this area well if they want to design and implementeven bettersystems in future.Computer scienceis a versatiledomain that cannot be taught using solely one method.Some subdomains are clearlytheoretical,others practicalor mathematical,though all theseaspects can be found in every subdomain. Therefore, a mixtureof these differentaspectsneeds to be considered when designing computer science curricula.

4.3. Instructional criteria37

4.3 Instructional criteriaComputer-aidedinstructionshould be student-centeredand based on student�s needs.Consequently, CAI courses should be interactiveand controlledtogetherby a student andcomputer. These demands, when they are fulfilled, promote student�s motivation, whoseimportanceas a part of successful instructionis strongly emphasised in many humanlearning theories. Another thing to remember is that instruction should be based on students�previous knowledge. This is importantbecause then students are able to connectnewinformation to their existing knowledge which strengthens their learning.At first it should be confirmedthe generalview and basic concepts of the instructeddomain are familiarto students. Togetherthese two facilitatestudents� learningby offeringthem an appropriateknowledge base on which they are able to combinenovel information.When students have a good generalview of the domain they have betterpossibilitiestorecognise the connections between the domain and the novel information. As a result, everyCAI course should clearlyannounce the prerequisitesneeded to understand the contents ofthe course. As an example, an introductoryCAI course on the domain could give therequired generalview on the domain and its concepts, and no prerequisiteson this domainshould be necessary for understanding this course. OtherCAI courses on subtopics of thatdomain could announce that the introductorycourse, or knowledge equivalentto it, andpossibly some other prerequisites are needed to understand the contents.The desired learning outcomes of the course should be clearly stated. In addition, studentsshould be told how to recognise that the expectedlearninghas happened. For example,students are informed that they have to pass an exam based on the presented CAI coursematerial.Another important thing would be to give a good generalview of the contentstructure ofthe CAI course itself. This kind of content-dependentguidanceassists teachersto chooseappropriateCAI material.Students should be provided with an explanationof theconnections to other subtopics of the domain and a summary of the contents of the course.Explaining the connections facilitates students to locate the novel information on a right placein their minds. The summary of the contents prepares students to receivethe forth-cominginformation. Students should also be provided with technical guidance to use the course, forexample, in a form of a guided tour.Contents of a CAI course should be highly relevant to the instructionalaims the course ishaving. Since it is wise to simplify the display content, as Chabay and Sherwood (1992)have stated, it is necessary to present only the most importantthings. However,oversimplifyingmust be avoided in order that the contents are not divided into irrelevantpieces.Interactionbetween students and the course contents increases students� motivationbecause they get the feelingthat they control the course flow. One possibility to increase

384. Criteria for evaluation of CAI courses on computer science interaction in a CAI course, as Borsook and Higginbotham-Wheat (1991) point out, is to askstudents questions, whenever it is possible, instead of tellingthem facts. Whileusingquestions one must avoid dead ends, where students are stuck if they do not know thecorrect answer. Students must be provided with eitherthe correctsolution after a few tries,or hints to find the correctsolution, or possibility to back out the question. Interactionisdiscussed also in the user interface criteria section.Feedback, which plays an importantrole in a CAI course, can be divided into twocategories:instructionalfeedbackand technicalfeedback. In principle, feedbackshould begiven as a response to each actionor performanceof students, and it should be givenimmediately.Instructionalfeedbackcontains all feedbackrelatedto the subject domain andthe contents of teachingmaterial.Technicalfeedback, which is discussed in more detailinthe user interfacecriteriasection, is a response to practicalmatters, such as problems withthe computer environment. The type of instructionalfeedbackdepends on the situationit isgiven. Different situations are, for example, students answering questions or students askingfor instructional help. Appropriate feedback to students� answers are to tell the correctness ofanswers, give hints or instructions if the answers are incorrect, or give the right answer ifstudents have failedtoo many times. Feedback to the instructionalhelp request shouldprovide assistance for correctperformance. Implementationof instructionalfeedbackistechnically an extremely difficult task, since there exist several alternative possibilities how toresponse. Implementingof all possible responses is impossible, and choosing the mostappropriate responses is difficult, as well.Repetitionis necessary for learning. Therefore, a summary at the end of lesson assistsstudents to remember the essentials, or references to previously learned concepts or methodsclarifiesrelationsbetween these objects. Repetitionshould be used for strengtheningstudents� learning. Recallis useful when connectingnew concepts to students� existingknowledge by creating associations between them.Students should have a possibility to practicetheir new knowledge and skills.Independent questions that have responses, may not yield the expectedresult, since studentscan easily guess the answers. If students are expected to give answers longer than just a fewwords, checkingthe answers becomes difficult, since the tools used for interpretingfree-form answers are relativelyrestrictedand not very efficient. More complicatedmeans ofpracticingare problem solving tasks which force students to combineseveral pieces ofknowledge and skills in order to be successful. Otherexpedientmeans are simulationsanddemonstrationsin which students are able to try differentcombinationsof parametersandobserve consequences. When using these lattermeans, students should be given a well-specified target or a task to be fulfilled in order to avoid experimenting fortuitously.Evaluationof students� learningoutcomes gives informationnot only to studentsthemselvesand teachersbut also to the authors of CAI courses. Evaluationinformation

4.4. Criteria for user interface39 should indicate to students the new level of their knowledge and skills so that they are able tocompare with their previous capabilities. Teachers should use evaluationinformationto findpossible defects in students� learningoutcomes, and provide students with supplementarymaterialif it is necessary. The authors of CAI courses should be informed if studentssystematicallyfailto obtain expectedlearningoutcomes, since that indicatesthat some veryfundamentalthings are wrong within the CAI course. A typicalform of evaluationis anexamination, which can be conducted either using traditional means or a computer.4.4 Criteria for user interfaceUser interface is a very important part in a CAI course, since it is the only means for studentsto communicatewith the computer. On one hand, the user interfaceshould provide allnecessary information for students at any time, but on the other hand it should be kept simplein order that students do not lose the essential information.These interfacecriteriaare influencedby ideas of Chabay and Sherwood (1992) andRavden and Johnson (1989), who give guidelinesfor creationof educationalapplicationsand evaluation of human-computer interfaces, respectively. The advicepresented by Chabayand Sherwood (1992) is based on several years of their experiencedesigning CAI materialsfor various domains, and include guidelines for user interface design. Ravden and Johnson�s(1989) practicalmethod for evaluatingusabilityof human-computerinterfacesconsists ofnine criteria, which are visual clarity, consistency, compatibility,informativefeedback,explicitness, appropriatefunctionality,flexibilityand control, error preventionandcorrection, and user guidance and support. Some of the ideas of Chabay and Sherwood, andRavden and Johnson are used with slight modifications in our criteria.Interactivity plays an importantrole in an efficientuser interface. It is discussed in moredetailin the following section. Text, color, graphics, and animationare elementsof whichuser interfaces are built. These elements are discussed later in this section.4.4.1 InteractivitySelnow (1988) has characterisedinteractivityas an interpersonalcommunicationin whichmessages must be receiver-specific,message exchanges must be response-contingent, andthe channelmust provide for a two-way flow of informationto accommodatefeedback.Human-to-human models introduced by Berlo (1960) and Shannon and Weaver(1949) canbe regarded as the theory underlying interactivity. More important is how interactivitycan beused in CAI courses. Borsook and Higginbotham-Wheat(1991) have listed the followingvariables that they consider as the key ingredients of interactivity:• immediacy of response (e.g., face-to-face conversation vs. mail),• non-sequential access of information (e.g., presentation paying attention to needsof the audience vs. presentation without any breaks for questions etc.),

404. Criteria for evaluation of CAI courses on computer science

• adaptability (e.g., talking to a doctor or talking to a child),• feedback (e.g., driving a car with open eyes instead of blindfolded),• options (e.g., natural conversation between two people vs. conversationpermitting the use of only few words),• bi-directionalcommunication(e.g., a normal telephoneconnectionvs. atelephone connection for one-way conversation), and• grain-size (e.g., possibility to interrupt an action vs. no responsive action beforea certain state).These variables should be applied in a reasonable mixture in a CAI course. The amount ofeach variabledepends on the subject domain and the type of CAI course. As an example,adaptive systems and simulations use these ingredients of interactivitymuch more than CAIcourses of other types.The amount of interactivityreflects how the control over a CAI course flow is divided.Borsook and Higginbotham-Wheat(1991) claimthat the optimalinteractivityoccurs whenthere is a balanceof control between the student and the computer. A course is highlyinteractiveif the student and the computer control the flow of it together. If either of themcontrols remarkablymore than the other the amount of interactivitydecreases. Therefore, aCAI course controlledsolely by either a student or a computer has the lowest possibleinteractivity.There exist several practicalways to enhance interaction, such as ask instead of tell,prompt direct manipulation, avoid typing, avoid mixing input modes, wait for students,provide instructions, and explain the interface(Chabay and Sherwood, 1992). Askinginstead of tellingforces students to give up their passive role and participateactivelyin thelearning process. Directmanipulationenhances students� own thinking about the task.Typing should be avoided if there are availableother more appropriatemethods, such aspointing. Most students are not skilled with typing, which is harder than pointing. A mouseis the most usual pointing device, but not the only one. A keyboard can also be used as apointing device, for example, by using arrow keys or the spacebar. Mixing different inputactions for the same input should be avoided since moving by compulsion rapidly betweeninput devices can be annoying. Waiting for students means that they should be given time toproceed on their own pace. Timed pauses should be used only when they are necessary,such as in animation. Instructions should be terse and fill a portion of a display for a task. Inaddition, it is better to show how to do than tell what to do. Thus students need not translatewritten instructions in one context into actions in a different context. Teachingthe interfaceactions improves students abilityto communicatewith the computer. If these actions aretaught properly at the beginning of the course, students attentioncan be concentratedon theteaching domain solely.

4.4. Criteria for user interface41

Allfeedbackgiven to students should be highly informativesince the display size islimited and, consequently, displaying unnecessary informationshould be avoided. Studentsshould be aware of the following things:• where students are in the application,• what actions they have taken,• whether these actions have been successful, and• what actions should be taken next.An evaluatorshould examinehow these matters have been considered. In addition,availabilityof all necessary options and the quality of system feedback should beinvestigated.Flexibility is an important feature of an application. Students should be able to undo andredo actions, look through a sequence of displays in either direction, move to different partsof application as needed, and name and organise information that may need to be recalled at alater stage. Availabilityof all these actions should be checked. Further, study ofimplementation of error prevention and correction should consist of checking how to correcterrors in inputs before they are processed as well as after they have been processed, andchecking the quality of the diagnostic information that application offers in an error situation.User guidance and support should be informative, easy to use and relevant. It should beavailable both on the computer and as a paper document. Evaluated things include examiningavailability of help, clarity of help information, and relevancy of help information.4.4.2 Display elementsAttention should be paid to several elements when designing a user interface. These elementsinclude not only text, pictures and animationbut also the connections between these displayelements, usage of colors and highlighting, and how displays appear to students. Goodgeneral rules in display design are to keep things simple and leave blank space aroundelements.TextAuthors of CAI courses should never use text lay out similar to books, since it is not aneffective way to present things in a computer format. Instead of that, computers, as dynamictools, offer new possibilities for presenting and making use of text, as Chabay andSherwood (1992) put it. They have listed the following suggestions how to utilise text in amost effective way in a CAI course:• Text should be used wisely for presenting basic information, clarifyingandexplainingpictures and diagrams, and providing both general and specificinstructions.• Instead of usual paragraphs, there should be used words and phrases with plentyof white space.

424. Criteria for evaluation of CAI courses on computer science

• Text and pictures should be mixed by inserting a few well-placed words, such aslabels for the axes of graphs and important components of diagrams.• One should strive for clarity to minimise chances of misunderstanding.Visual elementsThere exist several reasons why communicationbetween the user and computer can rely onvisual elements, such as pictures, animationand diagrams, rather than textualinformation.Bergin et al. (1996) have presented a collection of ten motivating factors for instructionaluseof visualisation tools as follows:• Complex concepts can be clarified through the use of pictures: using only verbalexpressions to teach complex concepts often requires a formalism that intimidatesstudents.• Visualisation is an alternative presentation model: students learn certainconceptsbetter by thinking visually about them.• Visualisation is a hook which can be used for grabbing students� attention:it hassimilarities with popular forms of entertainment.• Instructors are able to cover more materialin less time by using visualisationtools: demonstrations and examples presented in lectures can be automatedbyusing the combination of visualisation tools and large-screen projection devices.• Students� understanding can be increased by using good visualisations:aninteractive visualisation gives feedback on correctness, lets students to proceed attheir own pace, shows changes pictoriallyin an algorithm, and shows theoutcomes when different data sets are input to an algorithm.• Visualisationencourages modes of learning that instructors want to see instudents: the use of highly interactivesimulationsoftware packages that supportvisualisation, stimulates and clarifies most of the concepts for students.• Visualisationcan be used for handling students with different backgrounds:including optional problems in assignments gives challengesto the moreadvanced students.• Visual debugging: simplifies debugging process and removes some of thefrustrations, thus rendering the whole process more tractable.• Visualisationallows teachers to capture effectivemanual classroom techniques:automatedillustrationof procedures involving two or higher dimensionalstructures saves time, reduces errors and increases the clarityof classroompresentations.• Visualisation can be broadened to perceptualisation:it is by no means limitedto�visual images.�Visual presentations are worth using almost in every instructionalsituation, for example, inteaching concepts and algorithms of computer science. According to Bergin et al. (1996), thetype of visual presentationused depends on the topic and cost effectiveness. Pictures areuseful for both small amounts of data and very simple data structures. In addition, picturesshould be used when the relationship of objects is important, but movement is not needed.Animation should be used for presenting large amounts of data, complex data structures,or showing how the relationships between objects change over time. The cost benefit ofdeveloping a picture determines the type of created picture or animation, that is, is the picture

4.4. Criteria for user interface43 hand drawn or computergenerated. Bergin et al. (1996) state that non-technicalanimationscan be effective, may involve less time in their creation, and may involve the class with moreinteraction.Animation can be used in instruction not only for presenting but also for doing things, forexample, students learn by writing programs with animation. For creatinganimationsthereexist several animationtools, such as Aladdin(Helttulaet al., 1989 and 1990), BALSA(Brown, 1988), DYNALAB (Boroni et al., 1996), Eliot(Lamminjokiet al., 1995; Lahtinenet al., 1996), GAIGS, Tango (Stasko, 1990), XTANGO (Stasko, 1992), and Zeus (Brown,1992).Connections between display elementsOrganisationof differenttypes of informationaffects the visual clarityof an application,since text and visual elementssupport each other when their connectionsare carefullydesigned. Accordingto Chabay and Sherwood (1992), authors should connectboth textwith graphics and graphics with text. The first means that authors should avoid describingthings that are bettershown via graphics, includingtying togetherpieces of text. Pointinggraphically to the relevant words in a cited passage is betterthan attemptingto describe theirlocationverbally. The latter, connectinggraphics with text means that authors makeconnectionsamong the visual elementsusing text and sequencing (e.g., labelingaxes of agraph). This facilitatesunderstanding the relationsbetween display elements. However,authors should remember to keep schemes and pictures clear.ColorsAuthors should be very carefulwhen choosing and combiningcolors to CAI applications,since depending on authors� abilitiesto apply them, colors can help or hinder a design.Colors based on authors� personal preferences should not be used unless authors understandhow to apply them to problem solving, since, to quote Shubin et al. (1996), �color canappear to advanceor recede, make boundaries vibrateor blend, emphasise or blur shapes,and cause other colors to change.� Visualclarityof an applicationsuffers from careless useof colors.HighlightingHighlighting, like colors, affects the visual clarityof an application.Since highlightingis auseful tool in interfacedesign, authors should rememberseveral things in order to besuccessful in a design process. As Chabay and Sherwood (1992) point out, highlightingshould be used for providing a focus on the most important things. Possible ways to achievethisresultinclude:• using italics,

444. Criteria for evaluation of CAI courses on computer science

• blinking text, arrow, etc.,• using borders around a major item of text,• pointing at something,• using �inverse video,� and• using distinctive colors.In addition, highlightingshould be used sparingly, since if everything is highlighted,nothing is important. The use of too many colors or too many text styles in one display canbe very disturbing and diminish readability of information.Important display elements should be made big enough and be placed at the center of thedisplay. Less important things should be left to the periphery or behind menus from wherethey can be invoked if needed. Irrelevantelements, that are no longer needed, should beremoved.Display-buildingThere exist several ways how a display can appear to students. The basic rule is that newinformationshould be near the most recentlydisplayed information. This adjacencyfacilitatesstudents to find new informationon the display and makes a complex displayunderstandable. Authors should remember the following considerations when building up adisplay a little at time (Chabay and Sherwood, 1992):• Displays should be built up piece by piece to give students time to identify andcomprehend the components of a display.• At the same time authors should both maintain visual context and avoid disorder.Finding a balance between these needs is a necessary, though difficult task.• Authors should use both single and multiple�pages,� since they serve differentpurposes. Single page applications have a strong contextual framework visible atall times, whereas multiplepages provide a more flexibleframework, forexample, an optional extended discussion.• Long texts should be broken down, since building, for example, a list piece bypiece maintainsemphasis on the most recent item. At the same time it alsomaintains the context, since the previous items are still visible.It is also good if students are able to choose the rate at which the display is built up.4.5 Pragmatic criteriaThere exist several points of view to be considered when CAI courses are intended to beused as a part of instruction. These considerations include hardware, software and humanresources, and both teachers� and students� attitudes and readiness to use computers.Availabilityand compatibilityof hardware are importantthings to consider. Computerresources should be adequate for proper use, that is, there should permanentlyexist enoughcomputers in proportion to the number of students. Any special arrangements(e.g.,transporting one or more computers from one classroom to another each time they are needed

4.5. Pragmatic criteria45 in instruction) should be avoided, since such activitiestake too much timeand effort in thelong run and, consequently, they may reduce teachers�willingness to use computers.Compatibilityofhardware should be checkedwhen running a CAI applicationrequires useof externalequipment, since there do not exist standards for all peripherals. Such externalequipment must be compatible with the intended instruction computer.Like hardware requirements, software requirementsof a CAI applicationalso need to beconsidered. As an example, a CAI applicationmay run only in a computerwith a certainoperatingsystem, or it may need a specificexternalapplication(e.g., text processor orspreadsheet calculator) to function properly. In addition, properties of an applicationmay beadjusted to properties of a certainprocessor, mainlyits speed of execution. In such cases,the application may function in a different way than it was intended, for example, animationmay be executedso fast that it is impossible to follow it. Therefore, the computingenvironmentrequirementsof a CAI course should be announced clearlyin coursedocumentation,which should inform users of all technicalinformationrelatedto installingand running the CAI course.Human resources concern both teachers and other staff involved with CAI. Teachers mustbe availablesince students need guidancenot only with the subject domain but also forbecoming familiar with the CAI application and the computer. Other staff consists of personswho are responsible for the maintenanceof computers and applications. Such personnel isneeded since all teachers may not be able to installapplicationsor solve problems occurringin computers.Teachers� and students� attitudesand readiness to use CAI affectinstructionalcomputeruse. Attitudes to computers should be positive both among teachersand students, otherwisethe use of computers cannot be very efficient and effective. Readiness to use CAI means thatusers have appropriate skills and knowledge to interactwith computers. Lackingsuch skillscomplicates the learning process, since users must concentrate on tools, rather than contents.Therefore, teachersand students should be motivatedby tellingthem why and howcomputers can be useful in instruction, and they should be taught to use computerseffectively. Teachers should know well CAI applications used by students in order to be ableto assist students when they have problems. Furthermore, students should have a guidedtour to get familiarwith the CAI course. This tour should cover the explanationsof allfeatures and tools in the course. Students should also be able to try differentfeatures duringthe tour to get used to them.

CHAPTER V46

5 Test case: COSTOCTest case: COSTOCSome CAI courses on computersciencewere chosen to be analysed to obtain detailedinformation about how computer sciencehas been taught using computers. We also wantedto test our criteriadescribed in chapter4. The results of the analysis may be useful whendesigning new CAI courses on computer science and when designing properties of authoringtools supporting special features of computer science.This chapterdescribes how our evaluationcriteriaare appliedinto practice. An analysismethod based on the criteriais presented. Results of the analysis consist of the generalresults and the results of each tested course which are presented in corresponding order.Results of each COSTOCcourse are discussed separatelybecause the main interestwas tostudy how each topic has been taught using computers rather than to comparedifferentcourses to each other. The results of each tested course are presented in two groups: coursecontents and instructional support.5.1 Analysis methodThe targetof this analysis is to find out how computersciencehas been taught usingcomputers, measured by the criteriaset in the fourth chapter. In addition, we want toevaluatethe qualityof the selectedCAI courses on computerscience. Analysis consists ofinvestigationof internalstructure (i.e., instructionalsupport and topics relatedboth tocontents and organisationof courses) and externalstructure (i.e., user interface)of testedcourses. Both internal and external structures need to be examined in order to get a balancedview on each tested course and to be able to answer the research questions of this study.The analysis method, which is designed by the author of this work, is strongly based oncounting differentstructures of tested courses. These structures can be frames and their

5.1. Analysis method47 contents, like in tested courses, but they can be nodes as well, like in hypertextapplications,or pages, like in multimedia applications. This analysis method can be applied in several CAIapplicationsof differenttypes since it is enough that there exist some structures and theircontents that can be examined and counted. There are four major subjects of interestthat areexamined:1. coursecontents• content types of information structures• illustration of information structures2. instructionalsupport• amounts of different structure types• topicsemphasizedininstructionalcriteria3. userinterface4. pragmaticmatters5.1.1 Analysis of course contentsAnalysis of course contents is based on criteria for the subject. This part of the analysis aimsat finding out how each of the tested courses tries to teach the topics, and finding out therelevancyof the course contents to the aims. The main analysis method is to examinethecontents and illustration of information frames.Contents of information structuresA detailedanalysis of the contents in informationstructures must be done in order to findanswers to three questions; namely, what kinds of things they are teaching, how these thingsare taught, and why these things are taught that way. The contents of each informationstructure are examined and different content types are counted.Each informationstructure may consist of several types of contents. Due the fact thatcomputer science is a mathematicalscience, it is expectedthat informationstructures willconsist of definitions, equations, formulas, and proofs. Furthermore, programming codeand pseudo code are expectedsince programming is an essential part of computer science,and the tested courses should represent evenly the domain of computer science. In additionto these content types, some other types are likely to appear.Illustration of information structuresThe illustrationof informationstructures is examinedbecause illustrationhelps students tounderstand new concepts and phenomena. The common illustrationtypes, namely,examples, pictures and animation, are expectedto be found. The importanceof examples isbased on their ability to illustrate new concepts by connecting them to old ones by using, forexample, comparisons. Some concepts and phenomena are easier to understand in a visual

485. Test case: COSTOC form than in a textual form. Pictures and animationare excellentfor presenting materialin avisual form. Examples, pictures and animations are counted.Relevancy of the course contents to the aimsAfterexaminingthe tested course completely,relevancyof its contents to the instructionalaims is evaluated. This is done by comparing the aims to the contents.5.1.2 Analysis of instructional supportA CAI applicationis supposed to instruct something and, thus, there must support forhuman learning. A naturalplacefor instructionalsupport is in informationstructures.Analysis of instructional support consists of examininghow courses fulfillthe instructionalcriteriapresentedearlierin this chapterby counting the number of differentstructure types,by studying what kind of learning support is provided, and by comparing how structures areillustrated. The appliedanalysis methods are described in groups emphasised in theinstructionalcriteria:• motivation,• general view of the course contents,• prerequisites,• informing of the learning aims,• structure of the course,• guidance to use the course,• interaction,• instructionalfeedback,• repetition and recall,• practicing new skills or knowledge, and• evaluation of learning outcomes.MotivationMeans of motivation are examined and the amount of motivationin informationstructures ismeasured. It is expected that motivation is found evenly throughout the lessons.General view of the course contentsIt is examined how the general view of the course contents is described. This description isexpected to be found both in the documentation and the on-line help.PrerequisitesThe appearanceand clarityof prerequisites are investigated. Prerequisites should be foundboth in paper documents and the on-line documents.

5.1. Analysis method49

Informing of the learning aimsAppearance of informationon the learningaims is studied. Such informationis expectedtobe found in the beginning of each lesson.Structure of the courseThe structure of the tested course is measured by counting the number of differentstructuretypes. Each tested course is expectedto containat least three differentstructure types:navigation, information, and question structures. The numbers of structure types are countedin order to find out the proportions of each type. These proportions indicatethe generalorganizationof a course and the importanceof differentstructures within the course. Thepresented percentages and ratios, which are based on opinions of the author (see Table5.1),are normative, since the extentof contents of informationstructures vary from course toanother and the differences can be very big. These percentagesare our approximationsfor abalancedCAI course. As far as we know there does not exist percentagesfor this kind ofpurpose. Thus, we make one suggestion based mainlyon our own experience. Thepercentages are discussed in detail below. The percentage of question structures does not tellthe whole truth since one question structure may containseveral questions, or there mayexist several question structures for one question. Therefore, there are no percentagesforquestion structures presented.Navigationis an importantfeaturein a CAI course of any domain because it givesstudents the control, that is, freedom to choose what to study. If the percentage of navigationstructures is low, that is, under 10%, it is possible that the course is too strongly controlledby the computer, that is, students are forced to follow a certainroute through the coursematerialwith only minor choices. On the other hand, if the percentageof navigationstructures is high, that is, over 25%, there exists a risk that the course is fragmentedand,thus, students have difficulties to follow the flow of the course.The ideal percentage of information structures is between 60% and 70%. If it is less than55%, the contents of the course is inadequateand students� learningremains superficial.Percentagesover 75% dominatetoo much the course structure and students� interestandmotivation may vanish.Instead of the percentagesof question structures, the amount of questions must beconsidered. If the ratio between the amount of informationstructures and the amount ofquestions is more than four, there are too few questions for testing students� knowledge andlearning may remain inadequate. If the ratio is less than two, questions appear too frequentlyand students are not able to concentrate on the essence.

505. Test case: COSTOC

Table 5.1: Limits of structure types in percentages.StructuretypeToo lowIdealToo highNavigation<10%15%-20%>25%Information<55%60%-70%>75%Guidance to use the courseIt is checkedwhether there exists both content-dependentand technicalguidanceto use thecourse and how it is implemented.Guidance is expectedto be availablein the beginning ofthe course though it should be accessible as needed throughout the course.InteractionThis is mainly described in the subsection dealingwith the user interfaceanalysis. Only theinstructional interaction is examined in this subsection.Instructional feedbackThe types of instructionalfeedbackare examinedand the quantityof each type is counted.Instructional feedback, like motivation, is expected to be found evenly distributed throughoutthe lessons.Repetition and recallThe types of repetitionand recallare investigatedand the quantityof repetitionand recalliscounted. Repetitionis expectedto be found at least in the end of each lesson. Recallisexpected to be found in situations where students are provided with new informationthat isbased on previously presented concepts or phenomena.Practicing new skills or knowledgeThe type and amount of practiceare investigated. Practiceshould be found in every testedcourse but not necessarily in every lesson.Evaluation of learning outcomesThe appearance of the evaluation of learning outcomes is examined. It should be found at theend of tested courses.5.1.3 Analysis of user interfaceThe appearance of the user interface is studied to find out its effects on learning. This part ofthe analysis is based on criteriafor user interfaces. It is strengthenedby the evaluationmethod designed by Ravden and Johnson (1989), which is chosen because it states some

5.1. Analysis method51 important notions on user interface evaluation. Tukiainen and Lempinen (1994) have adaptedRavden and Johnson�s method to be suitablefor evaluatingthe usabilityof software. Thislattermethod is also appliedto the evaluation. Only the suitableparts of both methods areused.Analysis of interactivityImplementationof interactivityis examinedby checkingtypes of interaction,feedback,flexibility,error preventionand correction, and user guidanceand support. The followingthingsareexamined:• how interactionis enhanced (e.g., asking vs. telling, prompting for directmanipulation, avoiding mixing input modes),• what kind of technical feedback does the applicationprovide (e.g., what actionsstudents have taken),• type and nature of messages and instructions,• clarity of requirements to take a particular action,• clarity of the type of information needed to be entered,• whether it is possible to undo or redo actions,• whether it is possible to look through a sequence of displays in either direction,• whether it is possible to move to different parts of application as desired,• whether the user is able to choose the rate at which information is presented,• whether the user is able to name and organize information which may need to berecalled at a later stage,• whether it is easy to correct errors in inputs before they are processed,• whether it is easy to correct errors after the inputs are processed,• whether the system offers all necessary diagnostic informationin an errorsituation,• whether help facility is easily available from any point in the application,• whether the help information is context-sensitive and presented clearly,• whether the paper document provides an in-depth, comprehensivedescription,covering all aspects of the application, and• whether the needed information is easy to find from the paper document.Analysis of display elementsAnalysis of display elements consists of examiningimplementationof text, visual elements,connections between display elements, use of colors, highlighting, and display-building.The following items are studied:• how text is used (subject material, feedback, error messages, help),• how visual elements are used (pictures, animation),• what kind of connections there exist between display elements,• how colors are used (text, background, highlighting, etc.),• how highlighting is used (italics, blinking, borders, pointing, colors, etc.), and

525. Test case: COSTOC

• how displays are built-up.5.1.4 Analysis of pragmatic mattersPragmaticmatters include checking the required hardware, software and human resources.Teachers� and students� attitudesand readiness to use computers affect how successfullycomputers can be used in instruction. Even though these attitudesand readiness are notdirectlyinvolved with any certainCAI application, they should also be examined. Thefollowing pragmatic matters should be checked:• what kind of hardware is available,• whether the hardware is compatible with the intended CAI application,• whether there exist some special software requirementswith the intended CAIapplication (e.g., certain operating system version, external applications, etc.),• whether there exist appropriate documentation for installation,• what human resources are available (teaching personnel, installation personnel),• what kind of attitudes teachers and students have towards computers, and• whether teachers� and students� readiness to use the applicationis consideredsomehow (e.g., guided tour to use the application).5.2 Background information of the analysisIn searching for test material, there were two problems. Firstly, it was difficultto find anyCAI applicationson computer science that had been used systematicallyin instruction.Secondly, most of the courses discussed in literaturewere laboratory experimentationsandnot commercial products and, thus, they have not been used widely. Real usage would havebeen importantfrom the analysis point of view. COSTOC-courses were exceptions sincethey had been available commerciallyand several universities have used them, for example,University of Karlsruhe, University of Kuopio (Kopponen, Kasurinen and Linna, 1991),and University of Texas at Dallas. Therefore, they were chosen as the test material.The COSTOC (COmputerSupported TeachingOf Computer science) project forms aspecial collectionof teachingmaterialbecause it has been one of the major attemptstointroduce computer aided instruction on a large scale to support teachingat university level,mostly in the area of computer science. The COSTOC project started in 1985 in TechnicalUniversity of Graz, Austria, and lasted 6 years until 1990 under the leadership of professorMaurer.The idea of COSTOC project is unique because it gathered the knowledge ofinternationallyprominentexperts in uniform courses on diverse topics in computer science.There exist more than 20 courses for teachingcomputer science or relatedsubjects. Thetopics include, for example, operating system concepts, computationand automata, trees,sorting techniques, systematicprogramming, computer networks, syntax-analysis, digital

5.3. On COSTOC courses selected to analysis53 logic, databasesystems, cryptography and data security, and several courses onprogramming languages (Ada, C, Lisp, Pascal and Prolog).COSTOCcourses were selectedfor this analysis because they are the result of anextremelyconsistent projectof designing CAI courses on computerscience, they representvarious topics of computerscienceand they are considered to have high-qualitycontents.The analysis concentratedon both the externaland internalfeatures, i.e., how the userinterfacehas been implemented(e.g., the lay-out of contents on the screen), what kind ofteaching strategies have been used (dialog, simulation etc.), how learning has been supported(motivation, repetition, questions etc.). Furthermore, the analysis tried to find out the specialfeatures of computerscience(e.g., the mathematicalnature with clauses and proofs,programming code) and how they are taken into consideration within COSTOC courses.5.3 On COSTOC courses selected to analysisFive COSTOCcourses, namely, Computationand Automata,Cryptography and DataSecurity, Introductionto DatabaseSystems and the RelationalDataModel, SortingTechniques, and SystematicProgramming, were selectedfor detailedanalysis. Thesecourses were chosen because they represent fundamentaltopics in computerscience. Inaddition, we had difficulties to find such CAI courses on computersciencethat both instructand test students� learning. The chosen courses that were selectedfrom over twentyCOSTOCcourses represent differentdomains of computerscience. Each of the chosencourses will be shortly described after the general description of COSTOC courses.5.3.1 General information about COSTOC coursesCOSTOCcourses consist of lessons. A full course is composed of 11 lessons: one forintroductionand ten for instruction. A half course has six lessons. The introductorylesson(lesson 0) usually consists of the following topics:• aims of course,• prerequisites,• level of course,• contents of course,• structure of course,• how to use the lessons,• references, and• samples of lesson fragments.Lessons are divided into chunks of informationwhich are calledframes and identifiedbyframe numbers. Each frame may contain text, graphics, and animation. Within a frame theremay be pauses where nothing happens for a certain amount of time or until student interruptsby clickingthe mouse or by pressing any key. There are three types of frames: navigation

545. Test case: COSTOC frames, informationframes, and question frames. Navigationframes are only for choosingwhere to go or what to do. Title frames and end frames are considered as navigationframesthough there are no choices in them. Informationframes are used for representingteachingmaterials. The contents of informationframes are discussed more laterin this chapter.Questionframes containquestions for students. Allchoices within the frames can be donethrough the keyboard or the mouse. A flow of a typicalCOSTOClesson is described inFigure 5.1. Students start from frame 1 and are able to selectany of the sections within thelesson. Arrows between frames depict students possibilities to move forward and backward.In addition, the navigation option via a button is available all the time.Figure 5.1: A typical lesson flow of a COSTOC course.AllCOSTOCcourses have a similaruser interface, which consists of two button bars, amain window, an annotationwindow and the status information(see Figure 5.2). ButtonC:Continue with questionsI:Information frameN:Navigation frameNP:Navigation pointNS:Next sectionQ:Question frameR:Repeat sectionTOC:Table of contents[num]:frame numberRRRNSNSNSNSNSNSRNSRNSCCC

1: N (Title andTable of contents)28:I22:I11:I2:I39:N(END)38:I+NP35:I12:I13:I14:I15:I16:I17:I20:Q18:I19:I+NP21:Q3:I4:I5:I6:I7:I8:I+NP9:Q10:Q23:I24:I25:I+NP26:Q27:Q29:I30:I31:I32:I33:I34:I+NP36:I37:I+NP

NEWLESSONEXITCOURSE

NSRTOC TOC

5.3. On COSTOC courses selected to analysis55 bars are designed for navigating, setting options, and controllingthe course in general. Themain window is for representingthe course material.The annotationwindow is fordisplaying teachers�commentson materialor other informationfor students and forrecording and displaying students� private notes. Status information tells the status of variousoptions.Figure 5.2: The basic display of COSTOC courses.The upper button bar, which is placedon the top of the screen, consists of seven buttonslabeledHelp, Undo, Navigate, Speed, Annotate, Options and Lesson. Eachbutton may be invoked by clicking it or pressing the ALT key togetherwith the capitalletterof the label. The functionality of each button is listed next:Help button gives informationof navigationand control features. It is contextdependent, i.e., it gives informationdepending on the situationin which it isactivated.Undo button tells the status of undo function and advice how to activate it.Navigate button offers three possibilities: goto frame, which asks where togo; mark frame, which sets a bookmark on current frame and shows it in thestatus informationlist; and jump to bookmark, which changes the markedframe to current frame.Speed button allows adjustment of animation speed.Annotate button opens annotationwindow for writing students� notes ifprivatenotes are on. If privatenotes are off button gives instructions how tochange them on.

565. Test case: COSTOC

Options button has four options to toggle:pause, beep, undo, andswitch notes. Pause changes the proceedingcontrol from student tocomputer. Beep controls sounds which be used to alertstudents to particularlyimportantpoints in a lesson. Undo allows students to go back step by step, asmuch as they want, through what they have seen before. Switch notes optionchanges from expert notes to privatenotes and vice versa. The path of the notefile is asked in every change.The button bar on the bottom of the screen is sensitive to the current frame. It changesdepending on the frame that is active. The possibilities are listed next:When the current frame is a navigationframe, there are F1 Back button and aset of numbered buttons for branching. F1 Back leads back to a frame that theauthor of the lesson has considered the �logicalpredecessor,� which may not bethe last frame the student has seen. The number of buttons depends on theamount of possible choices within the navigation frame.When current frame is an informationframe there are three buttons, F1 Back,F2 Next, and F10 Repeat. F1 Back button functions as described above, F2Next button leads directlyto the next frame (ignoring potentialmaterialstillgoing to be presented on the current frame), and F10 Repeat button repeats thecurrent frame from the beginning (including the annotations).When current frame is a question frame, there are the same three buttons as ininformationframes. F2 Next and F10 Repeat function as described above,but F1 Back, like F2 Next, skips the current question and enters the nextframe (question or information frame). In addition, on the right side of the screenthere are ESCape and Enter buttons for skipping and answering the questions,respectively.The main window, which is below the upper button bar, is for displaying the lessonmaterial. This is the area that the authors use for designing instruction. The size of the area is24 rows and 40 characters on each row. Authors may compose their lessons to containtext,graphics and animationas they wish. There are differenttext sizes and specialcharactersavailable.The annotation window, which is placed below the main window, is for displaying notes.Notes are frame-sensitive, that is, they change when the frame changes. It is possible to haveseveral expert and private notes for each frame since whenever a lecturer or a student starts tomake notes, they are asked to specify the file where the notes will be saved. In the modePrivate notes, if Expert notes are available,this is indicatedon the right side of the screen.The student can switch to Expert notes to read them, if desired.The status informationis placedon the right side of the screen. It identifiesthe currentlesson and the active frame, the status of pause, beep and undo, and the type of notes inuse (expert or private). It also shows if any frame is marked as a bookmark.

5.4. General results of the analysis of COSTOC57

5.4 General results of the analysis of COSTOCThe generalresults of the analysis of COSTOCcourses are divided into four groups,namely, course contents, instructionalsupport, user interface, and pragmaticcriteria. Theresults presented in this section describe properties that are common to all tested courses.5.4.1 Results of the course contents analysisFirst, the contenttypes of informationframes are presented followed by the descriptionofthe illustration of information frames and the relevancy of the course contents to the learningaims.Content types of information framesThe three general content types of information frames in COSTOC courses are analysis,definitions, and equations and formulas. In each course, analysis is consideredas analysingdifferent properties or characteristics of the subject, for example, in Sorting Techniquescourseexplanations concerning space or time complexity of a sorting algorithm is consideredasanalysis. Most often analysis is verbal, though in some cases pictures and animation areutilised to illustrate it. Definitions explain new concepts and phenomena using both verbal andvisual expressions. Equations and formulas are classified into the same type since they bothconsist of mathematical expressions.In addition to the three general content types, other types exist. Computation and Automatacourse contains productions, programming codeand proofs. Introduction to Database Systemsand the Relational Data Model course contains programming codeand relations. SystematicProgramming contains programming code. Sorting Techniquescourse contains programmingcode and proofs. The proportions of content types are presented in percents in figures.Illustration of information framesThe information frames are illustrated using examples, pictures, and animation. Examples aretextual, numerical or visual (i.e., pictures or animation). The real amount of examples is largerthan the stated amount in the numerical results of each tested course since many informationframes contain more than one example. Pictures are motionless whereas animation consists ofpictures that have moving elements.Relevancy of the course contents to the aimsCourse contents have a high relevancy to learning aims in all those tested courses in which thelearning aims were stated.5.4.2 Results of the instructional support analysisThe results of instructional support analysis are presented in the same order as described inthe analysis method, that is, structure of the course, motivation, informing of the learningaims, guidanceto use the course, relevancyof the course contents to the aims, interaction,feedback, repetitionand recall, practicingnew skills or knowledge, and evaluationoflearningoutcomes.

585. Test case: COSTOC

MotivationThe learning support in information frames includes motivation, recall and repetition. Inaddition, there exist thinking points which are discussedin the section concerning withinteraction.In all tested courses, students are motivated by using explanations and both verbal andvisual examples. Motivation varies a lot within the separate lessons of the courses. There existlessons that have no motivation at all whereas some lessons have several motivatingexplanations or examples.General view of the course contentsCourse contents are describedwell both in paper documents and in the introductory lesson ofeach tested course.PrerequisitesPrerequisites and the level of the course are stated clearly in paper documents and in theintroductory lesson in three out of five tested courses. In one tested course prerequisitesarestated only in the introductory lesson, and from one tested course prerequisitesare totallymissing.Informing of the learning aimsAims of the courses are not given in all tested courses. If learning aims are given, they arepresented in the introductory lesson (lesson number 0) using dashed or similar lists.Structure of the courseThe structure type used is a frame. Each COSTOC course consists of three types of frames,namely, navigation, information and question frames. All frames that have menus, includingthe start and end frames, are considered as navigation frames. Furthermore, in some informationframes there are navigation points, that is, there is a possibility to choose what to do next(e.g., skip the rest of an example).The most common type of question is the multiple choice question. There are only fewother types of questions, such as verbal or numerical questions. A student has one or two triesto answer a question depending on the course. Upon failure, the correct answer is shown.Guidance to use the courseContent-dependentguidanceisprovidedin four out of five tested courses, that is, introductorylessons contain instructions how to use the lessons. Technical guidance is providedonly in thedemonstration version of COSTOC courses in which it is implemented as a guidedtourthrough the menus and options.InteractionThe forms of instructional interaction in tested courses are questions and thinking points. Thelatter ones are places where students are actively asked to think the solution before proceeding.The idea of thinking points is good since it actively reminds students that thinking is veryimportant and things are not always easy to understand.Other results concerning interaction are presentedwithin the results of user interfaceanalysis (see Section 5.4.3).Instructional feedbackInstructional feedback is found only in question frames. Feedbackto students� answers is mostoften short verbal feedback.For multiple choice questions, feedbackis providedif the givenanswer belongs to the group of displayedpossible answers, that is, the answer is one of thechoices. If the answer is not within the choices, no feedback or notice is given. For other typeof answers feedback is given always.

5.4. General results of the analysis of COSTOC59

Technical feedback is discussed in results of user interface analysis (see Section 5.4.3).Repetition and recallRepetition and recall are important methods for building the overview of a course. In manycases, repetition is a summary of the most important concepts. Recall, when it is used, is areference to previously discussed topics or concepts.Practicing new skills or knowledgeIn each tested course, the only form of practice is via questions, which are most often multiplechoice questions. The other question types are textual and numerical questions. Multiple choicequestions are easy to implement, answer, and check the answer. The problem is that guessing isvery easy, especially when there are only two choices. In such cases, we recommendnot to usemultiple choice questions. Verbal questions are also easy to createbut answering and checkingverbal answers are complicated. Students needa model to answer, for example, whether uppercase and lower case are equal. Checking verbal answers is difficult since there might be typingerrors, synonyms, missing words, extra words, etc. which all should be handled.This type ofquestion is good since it forces students to think the answer more carefully than just choosingone choice. Numerical answers are also easy to check if only the result is required.If studentshave to explain how they got the result, checking becomes difficult. Nevertheless, that kind ofquestion should be available for practicing since numerical answers with explanations demandstudents to use their problem solving skills.Evaluation of learning outcomesNo attempt is made to consider evaluation of learning outcomes in any of the tested courses.5.4.3 Results of the user interface analysisThese results consist of the results of interactivity analysis and the results of display elementsanalysis. Since the user interfaceis common to all tested courses, all results relatedto userinterface analysis are presented here.Results of the interactivity analysis

Enhancing interaction.

Interaction is very simple in all tested courses. Students control movingforwardwithin a frame by pressing any key excluding some special keys that are used formoving backward in a frame or moving between frames. No special methods have been used toenhance interaction. Cursor can be moved around the screen using either a mouse or a keyboard.Both methods are available always.Information can be enteredeither using a keyboardor mouse. Both of them can be usedwhen answering questions, performing actions and changing options. Since questions are mostoften multiple choice questions, the input information in those cases is simply one number.Numerical answers are obvious and textual answers are very short consisting of up to threewords. A place for answer is showed by a blinking underline character.There is no specialprompt for answers, though on the right side of the screen there appear two buttons, ESCapeand Enter, when application is waiting for student�s answer.

Technical feedback.

There is some status information that tells students which lesson andwhich frame in that lesson they are studying. Previous actions, whether these actions have beensuccessful or not, and what actions should be taken next cannot be seen anywhere. Feedbackprovided by the system is scarce since there exist merely a few error messages and limited helpinformation. Feedbackis only partly appropriate because in some places providedhelp is toogeneral or even missing.

Messages andinstructions.

There exist only a few messages and instructions in COSTOCcourses. The messages are most often error messages informing about a missing specialcharacterfile. Instructions to perform a particular action are given in a short demonstration

605. Test case: COSTOC program, which is the only place where they can be found. On the other hand, actions inCOSTOC courses are very simple and quick to learn.One peculiarity is the message that appears when a student has been using the tested coursefor quite a long time, telling that it is time to have a break. That is reasonable but thefollowing action is shocking: the system shuts itself down without giving the student anychance to prevent it.

Clarity ofneeds totake aparticular action.

Because of the simple structure of user interfaceof COSTOC courses, all options are in sight of students during the lessons. This is good sincestudents are able to control the system easily. Nevertheless, the clarity of the meaning ofavailable options is not very good. For example, help option differsfrom the other optionson the same button bar in its functions since it is applicable together with other options. Thisdifference is not informed clearly.The Undo function is useful but there exist some problems in its usage. When a studentwants to change undo from off to on the system asks a path without explaining what isexactly wanted and why. In addition, if the confusedstudent then wants to cancel this functionit is not possible even though there is an escape button available. A similar problem appearswhen changing notes from expert to private and vice versa.The Navigation function does not work properly. The problem is that when navigatingfrom one frame to another using goto frame option, a student has to know the target framenumber by heart since there is no list of frame numbers available. Another minor problem isthat there can exist only one bookmark simultaneously.The option for adjusting speed is unclear since there is no mention how speed is changed.Trying out the speed function reveals that it has something to do with the animation speed.Still it is a confusing function because it is not explainedwhether the speed of animation ischanging, which would be the expectedfunction, or the delay of the animation is changing,which really happens.The structure of the system is clear since it is very simple. There exists only one screenwhich includes all possible buttons and options. Therefore,students should not have anyproblem knowing where they are.

ofthetype ofinformation needed tobeenter ed. Some questions to which textualanswers are expectedshould have an example answer format, since without it there is a goodchance for a misunderstanding. This is not a serious problem since most of the questions aremultiple choice questions.

Possibility toundo andredo.

Students are able to undo actions they have taken if they haveearlier switched undo option on. Undo is implemented so that when undo is on, all screenimages that a student goes through, are temporarily saved on hard disk until undo is switchedoff. This method slows down execution speed of a course slightly.

tolook through asequence ofdisplays ineither direction.

It is possible to lookthrough a sequence of screens either backward or forward by using Back and Next buttons. Inaddition, there exists a Repeat option which repeats the contents of the current frame.

tomove todifferent parts ofapplication asneeded.

Moving to differentparts ina course means either moving within a lesson or between lessons. Moving within a lesson ispossible by using navigate function which has two choices, namely, going to a specifiedframe or jumping to a bookmark. When a student wants to go to a specifiedframe, he has togive the number of it. Jumping to a bookmark works when there exist a marked frame where tojump. Moving between lessons is possible but a bit inconvenient. Students must be familiarwith the way how directories and files are organized in the operating system to understandhowto move to a new lesson. Some help is available on request.

tochoose therateatwhich information ispresented.

The execution rate oflessons can be controlled by the computer or by the student. It is always the student whodecideswhich of the two has control. In a normal situation, a student controls the executionrate by using a keyboard or a mouse. In this case, frame contents are built piece by piece andstudent may take his time to readthe contents. The computer has control when a studentswitches Pause option off. In this case, the execution rate is so fast that the student has notime to read the text or look properly pictures and animation. Therefore,the computer should

5.4. General results of the analysis of COSTOC61 have control only when a student is looking for something special and quickly wants to browsealready familiar material.

Possibility toname andorganize information forlater use. Recalling information ispossible by using a bookmark. Drawbacksare that there can be only one frame markedat atime and the only referenceto that markedframe is its frame number, which does not tellanything about its content. It is not possible to save a certain situation and continue later fromthat situation.

Correcting errors ininputs before andafter processing.

Errors may occur when students haveto choose what to do or when they enter their answers to questions. In a case of choosing,invalid inputs are rejectedand nothing happens. The situation is differentwhen answeringquestions. If the input is wrong it can be changedbefore processing, or otherwise it will bejudgedincorrect.

Diagnostic inanerror situation.

The only real errors are occasionally appearingsystem errors which are causedby missing special characterfiles. The error message informsthat as a result of these missing files the screen appears incomplete. The name of the missingfile is also reported. It is odd that sometimes a frame using some special characterfile appearscomplete and a few moments later, for example, when repeating the same frame, an errormessage is presented and the frame is incomplete.

Availability ofthehelp facility.

Help function is available almost everywherein COSTOCcourses. It is partly context-sensitive, that is, it gives specifiedinstructions in differentsituations, for example, in adjusting the speed of animation, in changing undo option on oroff, in switching notes between expert and private, or in moving to a new lesson. In someplaces it either presents one general instruction or no instruction at all. Help function is goodand works properly.

Clarity andcontext-sensitivity ofhelp information.

Context-sensitive instructions, whichare clear but not very detailed, can be found using the help button.

Quality andusefulness ofpaper documents.

All novel users are supposed to go through thedemo version of COSTOC courses since it is the only place where the user interfaceand itsfunctions are describedproperly. Paper documents offer merely information concerning lessoncontents, not the user interface. This is an obvious defect.Results of the display elements analysis

Usage oftext. A lot of text has been used to present the subject material in all tested courses.Occasionally there is too much text in one display, that is, from the top of the display to thebottom line (24 lines, 40 characters/line). Feedback text and text in error messages are usuallyvery brief. In some cases, there should be more explanations. Help texts are longer than theother texts but not much.

ofvisual elements.

Schemes and pictures are simple and easy to understandthoughfrom time to time the system prints a message about a missing graphics file, which causes aloss of some special characters. Pictures and animation are used often and in most cases they aresimple but effective.

Connections between display

Different types of information have their ownplaces on the screen. There are buttons both on the top and the bottom of the screen. Statusinformation is placedon the right side of the screen. Main part of the display is reservedforpresenting teaching material. There is also an area reservedfor expert or private notes. Thisorganization remains unchanged in all COSTOC courses. Text and visual elements used in themain window are connected together with visual aids only seldom.

ofcolors.

Usage of colors is not consistent in all courses, namely, in SortingTechniquesand Systematic Programming courses both text and backgroundcolors ininformation frames vary a lot, which makes these courses look tangled. In some places theusage of colors is unsuccessful and makes reading difficult, for example, yellow letters on a redbackground.

ofhighlighting.

Information is highlighted using underlining, blinking and colors.Underlining disturbs reading the text slightly in some cases where the line spacing is narrow.Blinking is used for highlighting the cursor, which is an arrow, and for some animations. Theblinking cursor is disturbing. Colors are used for highlighting titles, new concepts, pictures and

625. Test case: COSTOC animation. The usage of colors for highlighting is most of the time good but there areoccasionally too many colors on the screen at the same time and, therefore, it is difficult toknow what is the most important issue.

Display-building.

Information on the screen is mainly easy to see and read. Display is built-up starting from the upper left corner of the main window and proceedingto right and down.Display is built piece by piece under students� control. Sometimes display-building takes along time if there is a complex picture to be presented.In such a case, students may try tohasten the build-up process but that is not possible.In a few places there is need to display more information than can be placedin one display.In such cases the top part of the display is erased and the rest is lifted up to give space for newinformation.5.4.4 Results of the pragmatic matters analysisResults of the pragmatic matters, which are common to all COSTOCcourses, are presentedin four groups, namely, hardware requirements, software requirements, human resources,and teachers�and students� attitudesand readiness. Since we did not organizeanexperimentationwithteachersand students, we were not able to investigatethese pragmaticmatters in a real situation.Hardware requirementsThe hardware requirements are not describedanywhere, neither in the demonstration lesson norin the paper documentation that was available for this study. This is a serious shortcoming.Software requirementsThe required software is not listed anywhere. Instructions for installation and running COSTOCcourses are deliveredas a text file. With these short and simple instructions, installation andexecution will succeed.Human resourcesHuman resources are neededfor installing and introducing tested courses to students. In thiscase, both can be done by teachers themselves since, as teachers of computer science, they areused to handle computers.Teachers� and students� attitudes and readinessBasedon our previous experiments (Kopponen et al., 1991), both teachers and students arewilling to use COSTOC courses as an extra material to support traditional instruction.Readiness to use computers on computer science courses is not a problem. In any event, theguided tour of COSTOC courses is necessary in order to get familiar with the user interface.5.5 Computation and Automata: Description and results of theanalysis5.5.1 Course descriptionComputationand Automatais a full course (i.e., it consists of 11 lessons: introductorylesson 0 + 10 teachinglessons) which presents briefly some of the fundamentaltopics oftheoreticalcomputerscience, namely, automata, languages, computability,and complexity.

5.5. Computation and Automata: Description and results of the analysis63

In addition, it discusses some specialtopics, such as L systems, Petri nets, and grammarforms. The logical dependency of lessons is represented in Figure 5.3.According to Salomaa and Maurer(1989), the basic question in the theory of computingcan be formulated in many ways: What is computable? For which problems can we constructeffectivemechanicalprocedures that solve every instanceof the problem?Which problemspossess algorithmsfor their solution? During the 1930�s the fundamentaldevelopmentinmathematical logic showed the existence of unsolvable problems. No algorithmcan possiblyexist for the solution of such problems. For establishingunsolvability, it is essentialto havea model of computation.Figure 5.3: Logical dependency graph of Computation and Automata (Salomaaand Maurer, 1989).This course discusses both generalmodels of computation, such as a Turing machine(seeFigure 5.4), grammars, and L systems, and specificmodels of computation, such as finiteautomaton. As Salomaaand Maurer(1989) summarize, a good model represents a well-balanced abstraction of a real practical situation - not too far from and not too close to the realthing.1. Formal languages2. Automata I3.Formallanguages II6.Recursive functionsand decidability I4. Automata II5. L systems7.Recursive functionsand decidability II

8. Complexity9.Petri nets10.Grammarforms

645. Test case: COSTOC

Figure 5.4: Turing machine as an example of the contents of ComputationandAutomatacourse.5.5.2 Numerical resultsBy classifying frames into navigation, information and question frames and calculatingtheirratio to the totalamount of frames the structures of the tested courses may be depicted. Amore detailedclassificationof informationframes into classes, in which frames haveproperties, such as contenttypes, illustrationof informationframes, motivation, repetition,recall, and thinking points, forms the course profile. Note that an informationframe mayincludemore than one classificationproperty. Thus, the percentagesof course profiledescribe only the existencedensity of certainproperty in the informationframes. Thesturcture and the course profile are presented for all tested courses.The Computationand Automatacourse consists of 420 frames. The course profile ispresented in Figure 5.5 as a bar diagram and the general structure of this course is presentedin Figure 5.6 as a pie diagram.5.5.2.1 Course contentsContent types of information framesComputation and Automata course contains 324 information frames that consist of analysis,definitions, equations, productions, programming language codeand proofs. Analysis is foundin 117 information frames (36%). There exist 133 information frames (41%) containingdefinitions, which play an important role in this course. Equations are found in 89 informationframes (27%), that is, approximately one in every four frames. Productions are found in 104information frames (32%). Programming language codeoccurs only in one information frame(0.3%) that presents some examples of languages and alphabets. Proofs are found in 32information frames (10%).

5.5. Computation and Automata: Description and results of the analysis65

Illustration of information framesThe information frames are illustrated using examples, pictures and animation. There are 170information frames (53%) that contain examples. Pictures are used approximately one in everyfive information frames, that is, there are 63 pictures (20%). There are 83 animations (26%).5.5.2.2 Instructional supportMotivation, repetition, recall, and thinking pointsLearning support of this course consists of motivation, recall and thinking points. Motivationis used in 34 information frames (11%) and recall is used in 35 information frames (11%).Thinking points are rare; there are only 4 information frames (1%) in which they are used.

0%10%20%30%40%50%60%

Analysis

Definitions

Equations

Productions

Code

Proofs

Examples

Pictures

Animations

Motivation

Recall

Thinking points

32%

1%

11%

10%

26%

19%

52%

0,3%

27%

41%

36%Figure 5.5: The course profile of Computation and Automata.Structure of the courseComputation and Automata course consists of 420 frames out of which 23 frames(23/420*100%»5,5%) are navigation frames, 324 (77,1%) are information frames, and 73(17,4%) are question frames. In addition to the navigation frames, there exist navigation pointsin 48 information frames. Thus, there exist 71 frames with a possibility to navigate. The framepercentages of Computation and Automata course are shown in Figure 5.6. From all questionframes there are 73 questions out of which 67 (92%) are multiple choice questions, 2 (3%)numerical questions and 4 (5%) textual questions.

665. Test case: COSTOC

77,1%5,5%17,4%Navigation framesInformation framesQuestion framesFigure 5.6: Frame percentages of Computation and Automata.5.5.3 Verbal results and conclusions on Computation and AutomataCourse contents

Content types ofinformation frames.

The reason for the large amount of analysis is the needtoexplain abstract phenomena that otherwise might be difficult to understand.The authors havesucceeded very well in this task.The frequency of definitions, that is, two definitions per five information frames, indicatesthat there are enough frames left to explain and demonstratenew concepts and phenomena.Furthermore, analysis revealedthat definitions are distributed to separate lessons quite evenly,thus, students do not get too much new information at a time.There are differenceson frequenciesof equations between lessons, that is, the relativeamounts vary between 7% and 55%. The lowest frequency is found in a lesson which introducedhow to model parallelism by Petri nets. The highest one is found in a lesson which widens anddeepensthe lesson concerning recursive functions and decidability. Even though the topic ismathematical, most of the equations are very simple. Therefore,students needjust a littleknowledge of mathematics. This can be explainedwith the subjects that are discussedin eachlesson. Most of them concentrateon the fundamentalsof computation theory in whichequations are required to a certain extent.Productions or rewriting rules are the speciality of Computation and Automata course. Theyare necessary for defining rewriting systems that be used to definelanguages, which are one ofthe main topics in this course. The amount of programming code is quite small. This is naturalsince code is not an essential part of this course.The large amount of proofs can be explainedwith the theoretical nature of the course.Within the tested courses, Computation and Automata is the only course in which proofs havea significant role. Some of the proofs are informal, that is, the proofs are verbal and there areexamples illustrating them. This kind of style makes them easy to understand,though theauthors also give references to formal proofs.

Illustration

The examples are both verbal and visual (i.e., pictures oranimation) and support understandingof the topic very well. Pictures vary from very simpleones to complex graphics that illustrate well, for example, the functions of automata.Animation is used more often than pictures. Animation, like pictures, vary from simpleblinking arrows to simulations presenting, for example, how Petri nets are applied in problemsolving.

Relevancy ofthecourse contents totheaims.

Since the learning aims are not stated clearly,it is difficult to say if the course contents are relevant to the aims. In any event, the quality ofthe contents is high.Instructional support

Motivation.

Most often motivation is verbal though there are a few motivating examplesimplemented as animations (e.g., Sieve of Eratosthenes; lesson Compu8, frame 3). Typically,motivation arises by explaining, for example, why something is more useful than something

5.6. Cryptography and Data Security: Description and results of the analysis67 else. Appearance of motivation is uneven, that is, in a couple of lessons there exists only onemotivation point whereas the other lessons may have up to seven motivation points. The lackof motivation points may diminish students� interest in the course.

General view ofthecourse contents.

Contents are described both in paper documents and inthe beginning of the introductory lesson (i.e., Compu0).

Prerequisites.

The introductory lesson of this course informs that no previous knowledgeofthe subject is needed,though it is good to be �mathematically minded.�In paper documents,there is no mention about prerequisites.

Informing ofthelearning aims.

The documentation of this course does not state clearly thelearning aims.

Structure ofthecourse.

The percentageof navigation frames (5,5%) is very low but sincethere exist many navigation points the real percentage of navigation possibility (17%) is good.Students have enough freedomto choose and not too much to loose the leading idea of thecourse.The proportional amount of information frames (77,1%) is very large. Nevertheless, this isnot a problem since about every seven information frames contain a navigation point that couldhave been an independentnavigation frame and, in such case, the relative amount ofinformation frames would have been lower (69%). This means that even though the amount ofinformation frames is high, students have enough possibilities to control what to do.Students have two tries to answer a question and if they fail, the correct answer is shown.The same question is asked until the correct answer is given. The frequency of questions is goodsince there is one question after approximately four information frames. This means thatstudents� learning is tested quite often and misunderstandings are noticed quickly.

Guidance tousethecourse.

Content-dependentguidanceis given both in paper documentsand in the introductory lesson, that is, the possible uses of the course are stated.

Interaction.

Questions are the only means of real interaction in this course. Thinking pointswere not found which is a defect.At least some thinking points should have been used, sinceuse of them might enhance students� learning process.

Instructional feedback.

Students are given instructional feedbackonly within questionframes. Technical feedback (help) is given when students ask for it.

Repetition andrecall. These can be found in every lesson evenly, which indicates that theauthors of this course are aware of their importance.

Practicing new skills orknowledge.

The only form of practice is questions.

Evaluation oflearning outcomes.

There does not exist any evaluation of learning outcomes.5.6 Cryptography and Data Security: Description and results ofthe analysis5.6.1 Course descriptionCryptography and DataSecurity is the only half course in this analysis. It represents thebasics of cryptography leavingoutside certainparts of the theory, such as informationtheory, in order to avoid many complications,as Salomaaand Maurer(1988) put it.Cryptography and DataSecurity course discusses security issues which belong to areaswhere cryptography is a reasonably useful tool, such as digitalsignatures in electronicmailmessages and the secrecy of contents of messages. The logicaldependencyof lessons isrepresented in Figure 5.7.

685. Test case: COSTOC

Figure 5.7: Logical dependency of Cryptography and Data Security.Since the last three lessons are independent, any of them can be studied after lessons one andtwo. A sample of lesson 1 of Cryptography and DataSecurity course is presented in Figure5.8.Figure 5.8: A snapshot from Cryptography and Data Security course.5.6.2 Numerical resultsCryptography and Data Security course includes only 206 frames because it is a half course.The classification of information frames leads to the course profile presented in Figure 5.9.The structural appearance of this course is illustrated in Figure 5.10.5.6.2.1 Course contentsContent types of information framesCryptography and Data Security course is built using only the basic content types. It contains134 information frames which consist of analysis, definitions and equations. Plenty of analysisis used in this course since analysis is found in 22 information frames (16%). Like analysis,definitions have an important role since there exist 58 information frames (43%) containing3.Public-keycryptosystems and RSA1. Security, encryption and cryptanalysis2. Classical cryptosystems4. Knapsack systems5. Protocols

5.6. Cryptography and Data Security: Description and results of the analysis69 definitions. Equations are found in 52 information frames (39%), that is, approximately two inevery five frames.Illustration of information framesThe information frames are illustrated using examples, pictures and animation. There are 92information frames (69%) that contain examples. There are 28 pictures in 134 informationframes (21%); consequently, pictures are used approximately one in every five informationframes. Animation is used more often than pictures. There are 51 animations in informationframes (38%).5.6.2.2 Instructional supportMotivation, repetition, recall, and thinking pointsMotivation, recall and thinking points are used for supporting the learning process. Motivationis used in 22 information frames (16%). In this course, recall is used in 12 information frames(9%) which is a reasonable amount. Thinking points are rare; there are only 6 informationframes (4%) in which thinking points are used.

0%10%20%30%40%50%60%70%

Analysis

Definitions

Equations

Examples

Pictures

Animations

Motivation

Recall

Thinking points

4%

9%

16%

38%

21%

69%

39%

43%

16%Figure 5.9: The course profile of Cryptography and Data Security.Structure of the courseCryptography and Data Security course is a half course and consists of 207 frames out of which47 (22,7%) are navigation frames, 134 (64,7%) are information frames, and 26 (12,6%) arequestion frames. In addition to the navigation frames, there exist navigation points in 2information frames, thus, there exists a possibility to navigate in 49 frames. The 24 questionframes contain 26 questions which are all multiple choice questions. The frame percentagesofCryptography and Data Security course are shown in Figure 5.10.

705. Test case: COSTOC

64,7%22,7%12,6%Navigation framesInformation framesQuestion framesFigure 5.10: Frame percentages in Cryptography and Data Security.5.6.3 Verbal results and conclusions on Cryptography and Data SecurityCourse contents

Content types ofinformation frames.

The amount of analysis is very good and it indicates thatauthors have put considerableeffort into explaining things in orderto deepenstudentsknowledgeon certain topics. In some cases, the analysis is illustrated using pictures oranimation.Many definitions are neededbecause there exist several concepts and methods that arerequired to understand the subject. The course starts with historical cryptosystems and ends withthe latest methods used for encryption and decryption. Thus, it provides students an extensivepresentation why cryptography is needed and how it has developed through centuries.The relatively high amount of equations is natural since cryptography is strongly based onmathematics. Students needto know the fundamentalsof mathematics, for example, how tomultiply matrices.

Illustration

The examples are both verbal and visual (i.e., pictures oranimation) and support understanding of the topic very well because examples are presentedbycoordinating them with simple familiar things, such as a telephone directory.Pictures, which are most often very simple, are used effectively to lighten from time totime difficult concepts and phenomena.Animation varies from simple blinking arrows to simulations presenting, for example, howmessages have been transported in the early days, or how public-key cryptosystems work. Dueto programming errors animation does not look like it is probably intendedto look in severalplaces, which causes confusion.

Relevancy ofthecourse contents totheaims.

Since the learning aims are not stated clearly,it is difficult to say if the course contents are relevant to the aims. In any event, the quality ofthe contents is high.Instructional support

Motivation.

Most often motivation is verbal though there are a few motivating examplesimplemented as animations (e.g., what kind of advantagespublic-key cryptography has; lessonCrypto2, frame 7). The large amount of motivation is good since students are likely to becontent when they are explainedthe grounds and consequencesof phenomena. Within thiscourse, motivation is found evenly in every lesson.

General view contents.

Course contents are outlined well in the paperdocuments. In the introductory lesson (i.e., Crypto0), contents are described very briefly.

Prerequisites.

Prerequisites are not stated clearly, neither in paper documents nor in theintroductory lesson. The level of the course in given in paper documents.

Informing ofthelearning aims.

The documentation of this course does not state clearly thelearning aims.

Structure ofthecourse.

The proportional amount of navigation frames (22,7%) is quitehigh but that does not violate the consistency of the course. The relatively high amount of

5.6. Cryptography and Data Security: Description and results of the analysis71 navigation frames may explain that there exist only two navigation points within informationframes. Together these give students enough possibilities to choose what to study.The percentage of information frames (64,7%) is good. The ratio between information andnavigation frames is balanced, that is, there exists one navigation frame per three informationframes. This means that information is presented in blocks of reasonable size.The frequency of questions is fairly good since there is one question after approximately fiveinformation frames. In this course, like in Computation and Automata, students have two triesto answer and then the correct answer is shown. The same question is asked once moreregardless of whether the student gives the correct answer or not.

Guidance tousethecourse.

There is no content-dependentguidancegiven, neither in paperdocuments nor in the introductory lesson.

Interaction.

Interaction with students is organisedusing questions and thinking points. Agood thing is that thinking points can be found in four out of five lessons, which indicates thatthe authors have wanted to stimulate thinking of different topics.

Instructional feedback.

Students are given instructional feedbackonly within questionframes. Technical feedback (help) is given when students ask for it.

Repetition andrecall.

The problem with recall is that it is used only to remind students ofthe previously taught concepts or methods, and there is no summary at the end of any lesson.Therefore, the overview of this course may remain obscure.

Practicing new skills orknowledge.

The only form of practice is questions.

Evaluation oflearning outcomes.

There does not exist any evaluation of learning outcomes.

725. Test case: COSTOC

5.7 Introduction to Database Systems and the Relational DataModel: Description and results of the analysis5.7.1 Course descriptionAccording to Maurer (1990) the aims of this course are as follows:1. To present the concepts, notations and languages of databases systems and therelational model in a tutorial fashion,2. To show the practical applications of the presented knowledge, and3. To gather enough materialto support lecturersteachingclasses on databasesystems and the relational data model.This course exceptionally consists of twelve lessons (1 introductory and 11 normal lessons),whose logicaldependencygraph is representedin Figure 5.11. A snapshot of this coursecontents is represented in Figure 5.12.Figure 5.11: Logicaldependencygraph of Introductionto Databasesand theRelational Data Model (Maurer, 1990).3.Data updatingfacilities1.Introduction to Database SystemsTechniques2.Basic Relational Data Model4. Normalisation5.Relationalalgebra (part 1)7.Relational calculus (part 1)9.Data sub-language SQL10.Data sub-language QBE6.Relationalalgebra (part 2)8.Relational calculus (part 2)11.Architecture ofDatabase Systems

5.7. Introduction to Database Systems and the Relational Data Model: Description ...73

Figure 5.12: A snapshot from Introduction to Databases and the RelationalDataModel.5.7.2 Numerical resultsIntroduction to Databases and the Relational Data Model course consists of 447 frames. Thecourse profile based on classification of information frames is presented in Figure 5.13 as abar diagramand the generalstructure of this course is presented in Figure 5.14 as a piediagram.5.7.2.1 Course contentsContent types of information framesIntroduction to Database Systems and the Relational Data Model course contains 244information frames which consist of analysis, definitions, equations, programming languagecode, and relations. Analysis is rare because it is found only in 10 information frames (4%).There are 141 information frames (58%) containing definitions. Equations are found in 30information frames (12%) and programming code occurs in 95 information frames (39%).Illustration of information framesThe information frames are illustrated using examples, pictures and animation. There are 170information frames (70%) that contain examples. Pictures are found in 32 information frames(13%), and there exist 126 animations in 244 information frames (52%).5.7.2.2 Instructional supportMotivation, repetition, recall, and thinking pointsAs a learning support, only motivation and recall are used in this course. Motivation is used in13 information frames (5%), and recall is used in 2 information frames (1%).

745. Test case: COSTOC

0%10%20%30%40%50%60%70%

Analysis

Definitions

Equations

Code

Relations

Examples

Pictures

Animations

Motivation

Recall

Thinking points

5%

39%

0%

1%

52%

13%

70%

44%

12%

58%

4%Figure 5.13: The course profile of Introduction to Database Systems and theRelational Data Model.Structure of the courseThis course consists of 447 frames out of which 89 (19,9%) are navigation frames, 244(54,6%) are information frames, and 114 (25,5%) are question frames. Within this course, theredo not exist any additional navigation points. The 114 question frames contain 57 questions (allmultiple choice questions) which means that there exist two question frames for each question.The frame percentagesof Introduction to Database Systems and the Relational Data Modelcourse are shown in Figure 5.14.

54,6%19,9%25,5%Navigation framesInformation framesQuestion framesFigure 5.14: Frame percentages in Introduction to Database Systems and theRelational Data Model.5.7.3 Verbal results and conclusions on Introduction to Database Systemsand the Relational Data ModelCourse contents

Content types ofinformation frames.

The amount of analysis is very low which may causedifficulties for students to understand the topic deeply. In most of the lesson there is no analysisat all. This course is more practical than theoretical and that might be the explanation whyanalysis is used only seldom.

5.7. Introduction to Database Systems and the Relational Data Model: Description ...75

Definitions plainly have an important role in this course. They are found evenly throughoutthe lessons which indicates that every lesson provides new information to students.Formulas are not very typical for this topic, therefore, their amount is reasonable.Equations concentrate on a few lessons which discuss mathematical topics, such as, relationalalgebra and relational calculus.Programming language code is an essential part of this course, since databases are processedusing special kind of programming languages, namely, Data Description Language (DDL) andData Manipulation Language (DML). Since the programming samples presentedin this courseare very simple and the code differs from other programming languages a lot, it is not necessaryto know even the basics of programming beforehand.

Illustration ofinformation frames.

The examples are mainly visual (i.e., pictures oranimation), though there are also verbal ones. Examples are used evenly throughout the lessonsand they support understanding of the topic very well.Most of pictures are used as a part of a clarifying example of concepts or operations.Pictures have a less important role than animation in this course.Animation is used much more often than pictures. It varies from simple blinking arrows tosimulations presenting, for example, how databasesare updatedusing DML. Like pictures,animation is used as a part of examples to assist students to understand different operations.

Relevancy ofthecourse contents totheaims.

The contents are of good quality and highlyrelevant to the aims.Instructional support

Motivation.

Most often motivation is verbal though there are few motivating examplesimplemented as animations (e.g., why an information model must be dynamic; lesson Datab1,frame 12). The amount of motivation is too low.

General view contents.

Both paper documents and the introductory lesson (i.e.,DATAB0) contain a detailed description of the course contents.

Prerequisites.

Prerequisites are presentedvery briefly both in paper documents and in theintroductory lesson. The level of the course is also given, that is, who the intended users are.

Informing ofthelearning aims.

The aims of this course are clearly stated both in paperdocuments and in the introductory lesson.

Structure ofthecourse.

The relative amount of navigation frames (19,9%) is fairly large.Anyway, since there does not exist any navigation points the amount is reasonable.The proportional amount of information frames (54,6%) is under the lower bound of theideal proportion (60%). This indicates that either each information frame contains lots ofinformation and thereforea small amount of information frames are required,or the ratiosbetween navigation, information and questions frames are not balanced. In this case, the latter istrue since there exist two question frames per each question and that distorts the ratios. If therewere only one question frame per each question, as there usually is, the proportional amount ofinformation frames (63%) would be between the ideal bounds. Therefore,even though theamount of information frames is low the course is in balance.The amount of question frames differsfrom the other COSTOC courses noticeable. Thereason is that students are allowed to try to answer the question only once and if they fail, onerecall frame concerning the topic of the question will be immediately presentedto them. Theserecall frames joined to the questions are not counted in the amount of recall in informationframes. The frequency of questions is good since there is one question after approximately fourinformation frames.

Guidance tousethecourse.

Content-dependentguidanceis given both in paper documentsand in the introductory lesson, that is, the possible uses of the course are stated.

Interaction.

Questions are in use but thinking points are missing from this course. It wouldhave been useful to have them since thinking pauses encouragestudents to reflect the subjecteven though this topic is more practical than theoretical. This is an obvious defect.

Instructional feedback.

Students are given instructional feedbackonly within questionframes. Technical feedback (help) is given when students ask for it.

765. Test case: COSTOC

Repetition andrecall.

The amount of recall is definitely inadequate.With such little recallstudents may have difficulties to associate concepts to each other and, since the summaries ofeach lesson are missing, to get the appropriate overview of the topic.

Practicing new skills orknowledge.

The only form of practice is questions.

Evaluation oflearning outcomes.

There does not exist any evaluation of learning outcomes.5.8 Sorting Techniques: Description and results of the analysis5.8.1 Course descriptionThis full course concentrateson presenting major sorting techniquesincludingimplementation of the algorithms discussed, the analysis of space and time requirements, andapplications. In addition, it introduces the use of various data structures and program designprinciples, as well as, the importanceof efficientsorting techniquesand efficientalgorithmsin general by demonstrating how �a little thinking can save lots of time and effort,� as Maurer(1988) puts it. The course also aims to provide enough materialon sorting as dealtwith inmost university classes on data structures and algorithms. The lessons logicaldependencygraph is representedin Figure 5.15. A snapshot from Sorting Techniquesis representedinFigure 5.16.Figure 5.15: Logicaldependencygraph of Sorting Techniques(Maurer,1988).1. Introduction and Elementary Sorting Techniques

2. Heapsort

3. Mergesort6. Shellsort

4. Quicksort

5. Radixsort

7.Minimal Comparison Sorting

8. Sorting Presorted Files9.Sorting with External Files

10. A General View

5.8. Sorting Techniques: Description and results of the analysis77

Figure 5.16: A snapshot from Sorting Techniques.5.8.2 Numerical resultsSorting Techniques course consists of 451 frames. The classificationof informationframesleads to the course profile presented in Figure 5.17. The generalstructure of this course ispresented in Figure 5.18.5.8.2.1 Course contentsContent types of information framesSorting Techniquescourse contains 337 information frames which consist of analysis,definitions, equations, programming language code, and proofs. Analysis is found in 125information frames (37%). There are 56 information frames (17%) containing definitions.Equations are found in 146 information frames (43%). Programming codeoccurs in 70information frames (21%) and proofs are found in 11 information frames (3%).Illustration of information framesThe information frames are illustrated using examples, pictures and animation. There are 163information frames (48%) that contain examples. Pictures are found in 32 information frames(9%), and there exist 124 animations in 337 information frames (37%).5.8.2.2 Instructional supportMotivation, repetition, recall, and thinking pointsAll three forms of learning support are used in this course. Motivation is used in 18information frames (5%), and recall is used in 30 information frames (9%). Thinking points arerare as there exist only 6 information frames (2%) in which they are used.

785. Test case: COSTOC

0%10%20%30%40%50%

Analysis

Definitions

Equations

Code

Proofs

Examples

Pictures

Animations

Motivation

Recall

Thinking points

5%

21%

2%

9%

37%

9%

48%

3%

43%

17%

37%Figure 5.17: The course profile of Sorting Techniques.Structure of the courseThis course consists of 451 frames out of which 71 (15,7%) are navigation frames, 337(74,7%) are information frames, and 43 (9,5%) are question frames. In addition to thenavigation frames, there exist navigation points in 70 information frames. Thus, there exists apossibility to navigate in 141 frames. The 43 question frames include 60 questions out ofwhich 29 (48%) are multiple choice questions, 12 (20%) numerical questions and 19 (32%)textual questions. The frame percentagesof Sorting Techniquescourse are shown in Figure5.18.

74,7%15,7%9,5%Navigation framesInformation framesQuestion framesFigure 5.18: Frame percentages in Sorting Techniques.5.8.3 Verbal results and conclusions on Sorting TechniquesCourse contents

Content types ofinformation frames.

The exceptionally large amount of analysis is the resultof the time and space analysis of sorting algorithms, that is, how much a certain algorithmneeds time to finish the task and how much memory is needed.In addition, there are verbalexplanations.The amount of definitions is low since differentsorting techniques share the same generalconcepts, which need to be defined only once. Therefore, even though this course introduces sixdifferent sorting algorithms the amount of definitions remains small.

5.8. Sorting Techniques: Description and results of the analysis79

Equations are typical for this topic, therefore, their large amount is reasonable. Equationsare essential since sorting algorithms are based on comparisons. In addition, some mathematicsis needed when analysing the complexity of different algorithms.Programming language codeis an important part of this course, since sorting algorithmsare presentedusing either programming codeor pseudo code, which is a mixture ofprogramming codeand natural language. Therefore,students needto know the basics ofprogramming as the prerequisites of this course.There exist short, less than one frame long proofs (e.g., what is the averagetimerequirement of Quicksort; lesson Sort4, frame 44) and long, multi-frame proofs (e.g., A-sort isnot RUNS-optimal; lesson Sort8, frames 31-33). Students needto know mathematics in orderto understand proofs though the more detailed proofs are mentioned to be found in the literature.

Illustration ofinformation frames.

The examples are mainly visual (i.e., pictures oranimation), though there are also verbal ones. Examples support understandingof the topicvery well. The small number of pictures, which are compensatedfor by the large usage ofanimations, does not impair the effectiveness of the course, though.Animation is used much more often than pictures. Most of the animation is used to presenthow a sorting algorithm works (e.g., Radix exchange sort; lesson Sort5, frames 10-12, or Shellsort; lesson Sort6, frames 13-19). In addition, animation is used, for example, to illustrate thecomparison of the complexity of different algorithms (lesson Sort6, frames 24-29). Animation,which are found in every lesson evenly, liven this course a lot and help students to understandalgorithms that otherwise would be difficult to demonstrate.

Relevancy ofthecourse contents totheaims.

The contents are of good quality and highlyrelevant to the aims.Instructional support

Motivation.

There could be more motivation than there exists because in many lessons there isonly one motivating phrase or not even that. Within this course motivation is always presentedverbally. This is easy to understandsince it would be difficult to invent, for example,motivating animation on this topic.

General view contents.

Course contents are describedin detail in paperdocuments. Description in introductory lesson (i.e., SORT0) is less detailed.

Prerequisites.

Prerequisites are stated clearly both in paper documents and in the introductorylesson. Also the level of intended users is informed.

Informing ofthelearning aims.

The aims of this course are clearly stated both in the paperdocuments and in the introductory lesson.

Structure ofthecourse.

The proportional amount of navigation frames (15,7%) isappropriate and students have enough possibilities to control the course flow.The percentageof information frames (74,7%) exceedsthe upper bound of the idealpercentage (70%). This indicates that there are either too many information frames or too fewquestion frames considering that the amount of navigation frames is ideal. Since it is supposedthat this amount of information frames is requiredto present all information wanted, it isobvious that there are too few question frames. There exists one question frame per eightinformation frames which is far too little. If the amount of questions is used for counting, theratio is one question per six information frames which is better but not good enough.Therefore, there should be more questions in order to test students learning properly.Students are able to try to answer a question twice. If they fail, the correct answer is usuallyshown but no confirmation is demanded. Questions include multiple choice questions that mayhave more than one correct choice. In such cases all correct answers are given to students.

Guidance tousethecourse.

Content-dependentguidanceis given both in paper documentsand in the introductory lesson, that is, the possible uses of the course are stated.

Interaction.

In addition to questions, there exist some thinking points. Unfortunately, theyare rare and accumulated into four lessons leaving six lesson without any thinking points whichis not recommendable.There should be more thinking points to remind students of theimportance of their own thinking.

Instructional feedback.

Students are given instructional feedbackonly within questionframes. Technical feedback (help) is given when students ask for it.

805. Test case: COSTOC

Repetition andrecall.

Recall is distributed evenly in lessons and it assists students toconnect previous concepts and methods to new ones. At the end of each lesson there is asummary of contents. This is an appropriate way to repeat most important things of eachlesson. The last lesson gives a really valuable overview of the whole course.

Practicing new skills orknowledge.

The only form of practice is questions.

Evaluation oflearning outcomes.

There does not exist any evaluation of learning outcomes.5.9 Systematic Programming: Description and results of theanalysis5.9.1 Course descriptionThis course focuses on teachingstudents to program in a systematicway. It introduces thebasic constructs of a higher programminglanguage, their syntax, their use and theirverification. In addition, the main data types are discussed as well as when to use which datastructure and why to use it. Finally, the course represents a program developmentmethod, atesting method and the rules of verification.The lessons logicaldependencygraph ispresented in Figure 5.19. The lessons are recommended to study in numericalorder with theexceptionthat lessons three and four may change their places. Figure 5.20 represents asnapshot from Systematic Programming.Figure 5.19: Logical dependency graph of Systematic Programming.1. Basic Terms

2. Introductory Examples3. Simple Constructs4. Data Types5. Program Structure6. Program Structure: Example7. Recursion8. Program Development and Testing9. Example 110. Example 2

5.9. Systematic Programming: Description and results of the analysis81

Figure 5.20: A snapshot from Systematic Programming.5.9.2 Numerical resultsSystematicProgramming course consists of 475 frames. The classificationof informationframes leads to the course profile presented in Figure 5.21. The generalstructure of thiscourse is presented in Figure 5.22.5.9.2.1 Course contentsContent types of information framesSystematic Programming course contains 322 information frames which consist of analysis,definitions, equations, and programming language code. Analysis is found in 13 informationframes (4%). There are 69 information frames (21%) containing definitions. Equations are foundin 91 information frames (28%) and programming codeoccurs in 173 information frames(54%).Illustration of information framesThe information frames are illustrated using examples, pictures and animation. There are 269information frames (84%) that contain examples. Pictures are found in 49 information frames(15%), and there exist 124 animations in 322 information frames (39%).5.9.2.2 Instructional supportMotivation, repetition, recall, and thinking pointsMotivation, recall and thinking points are used for supporting learning in this course.Motivation is used in 40 information frames (12%), whereas recall is found in 21 informationframes (7%). There exist only 3 information frames (1%) in which thinking points are used.

825. Test case: COSTOC

0%10%20%30%40%50%60%70%80%90%

Analysis

Definitions

Equations

Code

Examples

Pictures

Animations

Motivation

Recall

Thinking points

7%

54%

1%

12%

39%

15%

84%

28%

21%

4%Figure 5.21: The course profile of Systematic Programming.Structure of the courseSystematic Programming course consists of 474 frames out of which 104 (21,9%) arenavigation frames, 322 (67,9%) are information frames, and 48 (10,1%) are question frames. Inaddition to the navigation frames, there exist navigation points in 21 information frames. Thus,there exists a possibility to navigate in 125 frames. The 48 question frames contain 59questions out of which 26 (44%) are multiple choice questions, 12 (20%) numerical questionsand 21 (36%) textual questions. The frame percentagesof Systematic Programming course areshown in Figure 5.22.

67,9%21,9%10,1%Navigation framesInformation framesQuestion framesFigure 5.22: Frame percentages in Systematic Programming.5.9.3 Verbal results and conclusions on Systematic ProgrammingCourse contents

Content types ofinformation frames.

The amount of analysis is very low in this course. In sixlessons analysis is totally missing which raises suspicions that the contents of those lessonsmay remain superficial for the students.The amount of definitions is reasonable because the topic is concise and the number ofconcepts is limited. Definitions are distributed equally to each lesson. Thus, students get newinformation in proper portions.

5.9. Systematic Programming: Description and results of the analysis83

The amount of equations is relatively high because it includes even the simplest equations.Students need to have some mathematical skills since the examples are most often more or lessmathematical (e.g., how to develop a program counting x raisedto the power y; lesson2,frames 7-29).Programming language codeis an essential part of this course. Students do not needanyprevious knowledgeconcerning programming or computers since the course starts from thebasics of programming.

Illustration ofinformation frames.

There exist two types of examples, namely, shortsupporting examples and large introductory examples. The first ones are illustrating definitionsand are mostly verbal. The large ones consist of multiple frames and contain both text andpictures or animation (e.g., how many bits to represent x; lesson2, frames 31-48). Examplessupport understanding of the topic very well.Pictures are used to illustrate, for example, the basic facts about computers or the principlesof program verification rules. Pictures are distributed evenly to lessons and they clarify andliven the subject well.Animation is used effectively to help students to understandhow computer programsfunction. Changing backgroundand text colors and coloredarrows highlight the currentimportant statement at the time.

Relevancy ofthecourse contents totheaims.

The contents are of good quality and highlyrelevant to the aims.Instructional support

Motivation.

Most often motivation is verbal though there are few motivating examplesimplemented as animations (e.g., Fibonacci-numbers; lesson1, frames 3-8). Motivation isfound in every lesson through the course. This is good since students learn better when they aremotivated.

General view contents.

Both paper documents and the introductory lesson (i.e.,LESSON0) describe the course contents clearly and in detail.

Prerequisites.

Prerequisites are stated both in paper documents and in the introductorylesson. The level of the course is also given, that is, the intended users of the course.

Informing ofthelearning aims.

The aims of this course are clearly stated both in the paperdocuments and in the introductory lesson.

Structure ofthecourse.

The percentage of navigation frames (21,9%) is high. Students havea possibility to navigate in approximately every three information frames when all navigationpoints are included. This is a quite good ratio because there will not be too much informationpresented to students at any time.The relative amount of information frames (67,9%) is appropriate. Like Sorting techniques,this course contains too few question frames and questions since there exists only one questionper five information frames. It is not reasonable to expect that testing so much information canbe done with so few questions.Students may try to answer a question once or twice. In seven lessons out of ten thequestions are collectedin one chapter at the end of the lessons. This kind of lesson structurediffersfrom the other COSTOC courses in which possible questions are placedat the end ofeach chapter. The frequencyof questions is fairly good since there is one question afterapproximately five information frames.

Guidance tousethecourse.

Content-dependentguidanceis given both in paper documentsand in the introductory lesson, that is, the possible uses of the course are stated.

Interaction.

Both questions and thinking points are used in this course. Thinking points arerare, consequently, their positive effects on learning outcomes remain minor.

Instructional feedback.

Students are given instructional feedbackonly within questionframes. Technical feedback (help) is given when students ask for it.

Repetition andrecall

. At the end of each lesson there is a summary. That is good sincestudents get an overview of the contents of every lesson. If there were recalls between lessonsstudents would receive a better overview of the whole course.

Practicing new skills orknowledge.

The only form of practice is questions.

Evaluation oflearning outcomes.

There does not exist any evaluation of learning outcomes.

845. Test case: COSTOC

5.10 Summary of the resultsIt is naturalthat COSTOC-coursesresembleeach other since they are the result of oneproject. Nevertheless, there exist differences in implementationbetween these courses. Thequality of contents varies between the courses.

Course contents are of high-qualityin all tested courses. The three generalcontenttypesof information frames, namely, analysis, definitions, and equations, are common to all testedCOSTOC-courses. The relative amounts of these types vary remarkably which can mainly beexplainedby the nature of each topic, that is, the amounts of definitionsand equationsdepend on the topic and no strict limitscan be given. The amount of analysis, however, isnot depending on the topic so clearly. Therefore, there should be more analysis in some ofthe tested courses. As a consequenceof too littleanalysis, students� learningmay remainsuperficial.Specialcontenttypes are needed to characterisethe differences between the topics. Fourout of five courses containsome of these specialcontenttypes. If there had been testedcourses on other subtopics of computerscience, presumably there would have been morespecial content types.Illustrationof the contents is implementedwell. In all examinedCOSTOC-courses,examples, pictures and animation are used in information frames. Examples, which are usedmost often, are well-chosen and facilitate understanding the current conceptor phenomenon.Examplesare taken from everyday life if possible. Animationis used more often thanpictures. That is natural in CAI courses since animation is the grand advantageof computersin comparison with the other teaching equipment. In tested courses, animation is often a verysimplepresentationthough there exist a few more complexpresentations. Graphics used inanimation is not very sophisticated but it is capable to express the essential things.Relevancy of the contents to stated learningaims is good in three tested courses. In twotested courses the aims were not stated and therefore relevancy could not be evaluated.

Instructional support is inadequate. Amount of motivation is not appropriate in most of thetested courses. Informationconcerningprerequisites, the levelof the course and learningaims is partly defective. Interaction, instructional feedback, repetition, recall, and practiceofnew skills and knowledge are inadequatein all tested courses. In addition, evaluationoflearning outcomes is totally missing from all tested courses.The general view of the course contents is described well in all tested courses. Structureof the tested courses as well as the guidanceto use the tested courses are well described inmost of them. Frame types are similarin all COSTOC-coursesbut the proportions of eachframe type vary between the courses. These slight differences are not significantsince allproportions are between the acceptablelimits. Therefore, the generalstructure of COSTOC-courses is well-designed and offers a proper environment for learning.

5.11. Conclusions on the results85

User interface of the tested courses suffers from inadequateinteractivity.There is oftentoo much text on the display. Even though visual elementsare used fairly often, there couldhave been more of them. Connections between text and visual elements are mostly clear. Useof colors and highlightingvary a lot between the tested courses. Displaybuilding is wellimplemented.

Pragmatic matters are partly in order. Paper documents are incompletesince all technicalguidanceis missing. Guidance to installand use the tested courses is given only in acomputer format, that is, instructions are found from the demonstration course.5.11 Conclusions on the resultsAuthors of COSTOC-courseshave had several good ideas to offer and organizelearningsupport, such as, motivatingexamples, summaries, questions, annotationand thinkingpoints. The problem is that the implementationof these ideas is not successful in all cases.For example, annotationgets forgotten easily since there does not exist any placewherestudents are encouraged to make notes. That property might be used more efficientlyif therewere expert notes made by a teacher in which, for example, students were given a problem tosolve.Good motivationof students is necessary for learning. Therefore, the amount ofmotivationin some of these courses was not appropriate. There should exist a shortmotivating introduction at the beginning of each lesson. A couple of sentences or well-posedexamples would be enough.One deficiently used property is thinking points which seem to be used fortuitously. Theidea of thinking points could be improved by using annotatefunction. Students should beasked to write down their answers or thoughts about the subject they were told to think.Their answers could later be checkedeitherby students themselvesor by the teacher. Well-stated questions would directstudents� attentionto essentialthings and improve learningresults.Recallis used less than it is advisablein most of the courses. There should exist shortresumes within a lesson timeto time. In addition, there should be a summary at the end ofeach lesson and the whole course to combine the essential parts of the lesson and the course,respectively.In addition to questions, there should be offered more practicingpossibilities. Some kindof evaluation of learning outcomes should also be available.From the technical point of view, the strongest advantage of COSTOC-courses is the userinterface whose structure is similarin every course. It is simple and easy to learn and, lateron, when studying another COSTOC-course, it is alreadyfamiliar. Nevertheless, someminor problems may rise if courses are still used in instructionsince nowadays students areused to hypertext and hypermedia applications in which links are highlightedusing different

865. Test case: COSTOC colors. In COSTOC-coursescolors are used only for highlightingimportantconcepts andthere do not exist any links behind them.One problem with the user interface is its minor interactivity.In addition, there should beless text and more visual elements, and the connectionsbetween these display elementsshould be clearer. Another problem with the user interface is the usage of colors. Colors arefixed elsewhere but not in the main window in which each author may decide what colors areused. As a result, two out of five tested courses are strongly multicolored,that is, colors areused quite carelessly. It would had been betterto choose a couple of colors for backgroundand text and make sure that they do not contradictwith each other. Highlighting, like use ofcolors, should be designed with care.Documentationshould be prepared better. Paper documents describe the contents of thetested courses excellently but the technical aspects are totally forgotten.On the whole, the idea behind COSTOC-coursesis excellent.Most of the topics of thesecourses are still valid though they are implementednearly ten years ago. The problems arethat the user interfacefunctions are not self-evidentand that the computertechnologyforwhich COSTOC-coursesare designed is almost obsolete. If the contents of COSTOC-courses could be transferred to a more modern computerenvironmentthey would be goodteachingmaterial.

CHAPTER VI87

6 ConclusionsConclusionsA review of scientificjournals concerningcomputers in educationrevealedthat there existmany CAI courses teachingcomputerscience. Roughly one third of the CAI courses thatwere found from the literaturewere designed for teachingtopics involved with software,especiallyprogramming(see Table2.2 and Table2.3). The reason for this could be thatcomputer programming is a well-defined, limited domain which is fairly easy to represent ina computerformat. Anotherreason might be that programminglanguages are useful toolsthat offer access to the distinctions of computer science.A sixth part of the CAI applications found in the literaturewere designed for teachingthetheory of computation, which is a positive surprise since there was an expectationthat therewould exist only few, if any, of such applications. It seems that even though the theory ofcomputationis a very theoreticalsubject, it is appropriateto be taught using computers.Anotherreason could be that there exists a need to represent abstractconcepts andphenomena in an efficient and illustrative way, for which computers offer good possibilitiesfor skilled CAI authors.The other topics within computer science seemed to be less popular. However, there existCAI applicationson several subdomains of computerscience. Our opinion is that allsubdomains of computer science are applicable in a form of CAI as long as the instructionalaspects and domain-based aspects are considered.The collection of human learning theories is vast and, therefore, it was difficult to find outthe theories that have been appliedto computer-aidedinstruction. The TIP database(TheoryInto Practice;Kearsley, 1996) provided a good basis for further investigations. We foundapproximately20 human learningtheories, which have been appliedor designed forcomputer-aidedinstructionor technology-basedinstruction(see Chapter 3). Four learningtheories were taken into closer examination in the form of a case study. As a result, we found

886. Conclusions out that both the theories and their applicationsdiffer from each other a lot, consequently,there exist different learning theories that are applicable to different domains. Therefore, CAIcourse authors can choose from a wide collectionof human learningtheories, the mostappropriate ones to be used as a design basis for CAI courses. For this reason, there shouldexist a CAI authoring tool that would support authors by recommendinga certainlearningtheory, or authors could selecttheir favoritetheories from a collectionof learningtheories.Designing such a collection would require an expert of educationalsciences, and it could beimplemented as a toolbox to existing authoring tools.We createdcriteriain order to evaluatethe qualityof CAI courses. Our criteriaconsiderdomain-based, instructional, user interface, and pragmaticdemands (see Chapter 4). As faras we know, this is a unique combination for evaluating CAI courses. Domain-basedcriteriaemphasizethe qualityof the contents of a CAI course and their relevancyto the learningaims. Instructional criteria emphasize stimulating students� motivation; presenting the generalview of the course contents, prerequisites, learningaims, and structure of a course tostudents; offering guidanceto use the course and appropriateinteractionincludinginstructionalfeedback, repetitionand recall;and supporting students to practicetheir newskills or knowledge and to evaluate their learningoutcomes. User interfacecriteriafocus oninteraction,display elementsand connectionsbetween them, usage of colors andhighlighting, and display-building. Pragmatic criteria concentrate on hardware, software andhuman resources, and users� attitudes and readiness to use computers.In order to test our criteria, we modifiedan analysis method based on them. In addition,we wanted to obtain information of CAI courses on computerscience. The analysis methoduses two means for evaluatinga CAI course, namely, structure counting and verbalevaluation. We have presented checklistsfor both counting and verbal evaluation(seeSection 5.1). This analysis method was used for analysing five CAI courses in the domainof computerscience(see Chapter 5). These five courses belong to a collectionof CAIcourses called COSTOC.The analysis of COSTOC courses revealed that our criteriawork well. It indicatedthat intested courses there exist both some shortcomings and benefits. The most serious problemwas the inadequate instructionalsupport, though the authors of COSTOCcourses have hadteachingexperiencewhich they have appliedwhile designing these courses. However, nousage of any learning theory was recognized. The most valuable feature was the high qualityof the contents in all tested courses.The analysis was carriedout by the author. We believethat the results of the analysiswould be mostly the same if the analysis were carried out by some other person. The resultsof the course contents analysis, the user interface analysis and the pragmaticmattersanalysiswould be the same, whereas there might be differenciesin the results of the instructionalsupport analysis. The reason is that other persons might consider, for example, motivational

6. Conclusions89 or analytical sentences in a different way than the author has done. However, we believethatthe differences would be minor.Our criteriashould be considered as an exampleof how to design evaluationcriteria,rather than an optimal solution for an evaluationprocess. The criteriahave to be flexibleforchanges in all perspectives;consequently, criteriamust be revised from timeto time. In thecase of our criteria, revisions are fairly easy to do thanks to the checkinglists of eachperspective. More work is required if the learningtheory behind the instructionalcriteriaisdecidedto be changed. In such a case, the whole instructionalcriteriamust be updatedaccording to the emphasis of the chosen learning theory.The importanceof the analysis is in its results, which give us informationon designinghigh quality CAI courses on computer science. Conclusions on the results are partly domain-independentand, thus, applicableto other domains. These applicableconclusions includeconclusions on the results of the instructionalanalysis, the user interfaceanalysis, and thepragmaticmattersanalysis.First of all, the analysis indicated that the experts of the domain are the best designers ofthe course contents. The reason is that an expert, who knows the domain well, is the mostcapableto decidewhat to includein a CAI course. However, the contents should beimplemented by a group of persons who represent diverse perspectives, such as the subjectdomain, educational sciences, and graphicaldesign. Computer sciencedomain has a strongtheoreticalbasis. Therefore, theory of computersciencecannot be forgotten when CAIcourses are designed. Theory is necessary for understanding abstractconcepts and methodsof computersciencein depth. Further, these concepts and methods are essentialfor thedesign process, that is, when developing new computer applications and equipment. Anotherimportantthing to rememberis the role of mathematicsin the computersciencedomain.Mathematics is a necessary part in computer science education.Secondly, we found out that an appropriatelearningtheory should be appliedwhendesigning CAI courses, since the instructional support is likelyto be betterthan it would bewhen designing without using any learningtheory. The next question is which learningtheory or theories are appropriate, since both theories and people are very different. Onesolution might be to combineseveral learningtheories using their most suitableparts whiledesigning CAI courses but that requires expertice of education.Further, CAI authors should put extra effort into designing appropriateinstructionalandtechnicalinteraction,which play importantroles within a CAI course. Carelesslyimplemented interaction can ruin the whole CAI application.One possibility to enhance instructional support in CAI courses could be an efficient usageof questions. Questions could be interactive tasks which would guide students to apply theirnew skills and knowledge. Implementingthis kind of questions would demand verysophisticatedauthoring tools with specialproperties. When computerscienceis involved,

906. Conclusions these properties include, for example, interpretingboth free-form answers and pseudo orprogrammingcode, or possibility to write equations, proofs or other mathematicaltext.There is no need to design a new authoring tool since these specialproperties could becombinedinto a toolbox that alreadyexisting authoring tools could use as an additionalpackage. Designing the contents of such toolbox requires more research work to be done infuture.Additionally,we found out that CAI authors should pay a lot of attentionto theappearanceof the user interface. Especiallythe usage of colors should be consideredcarefully since poorly chosen colors may distractusers� attentionto irrelevantthings. If theuser interface is well-designed, users can forget it and concentrate on the essentials.Finally, we discovered that pragmaticmattersshould not be forgotten. It is importanttoprovide users with a proper documentationcontainingrequirementsfor hardware andsoftware, as well as instructions for implementation and usage.In recent years possibilities to use computers in everyday life have increasedremarkably.Internet and World Wide Web (WWW) are available for almost everyone who is interested inthem. Schools are alreadyusing these new mediafor several purposes, such as distanceeducation and information exchange, and it seems that in the future the usage of computers ininstruction will increase further. Computers are becoming the basic tools of instructionalongwith books and other equipment in many domains.Our opinion is that the best usage of computers is when they are considered similartoother tools used in instruction. Teachersare responsible for designing and organizinglessons. If computers are helpful for these tasks they should be used. Students� motivation isa prerequisitefor learning. Therefore, teachersshould make sure that students becomemotivated. This may happen through teachersor through computers. Since computers arerestrictedwith their expressions, it is quite difficultto use them effectivelyfor motivatingstudents. The best combination is teachers guiding students to use diverse tools for learning.These tools include both traditionalbooks and books on a hypertextformat, computers andother possible materials, such as experimental equipments.

REFERENCES91

ReferencesAnderson, J. Language, Memory and Thought. Lawrence ErlbaumAssociates, Hillsdale,New Jersey, 1976.Anderson, J. The Architectureof Cognition. Harvard University Press, Cambridge,Massachusetts, 1983.Andersson, J. �Skill Acquisition:Compilationof Weak-MethodProblem Solutions.�Psychological Review, 94(2):192-210, 1987.Anderson, J. The Adaptive Character of Thought. Lawrence ErlbaumAssociates, Hillsdale,New Jersey, 1990.Anderson, J. Rules of the Mind. Lawrence ErlbaumAssociates, Hillsdale, New Jersey,1993.Anderson, J. and Bower, G. Human Associative Memory. Winston, Washington, DC,1973.Anderson, J., Boyle, C., Farrell, R. and Reiser, B. �CognitivePrinciples in the Design ofComputer Tutors.� In P. Morris (Ed.), Modeling Cognition. John Wiley& Sons,New York, 1987.Armstrong Laboratory1996a. Advanced InstructionalDesign Associate. InternetWWWpage, at URL: http://www.brooks.af.mil/AL/HR/HRT/HRTD/aida.htm(versioncurrent at 18 October 1996).Armstrong Laboratory 1996b. Intelligent Performance Support for Instructional Design.Internet WWW page, at URL:http://www.brooks.af.mil/AL/HR/HRT/HRTD/gaida.htm (version current at 18October 1996).Atkinson, R.C., Bower, G. and Crothers, E.J. An Introductionto Mathematicallearningtheory. John Wiley & Sons, New York, 1965.Ausubel, D. The Psychology of Meaningful Verbal Learning. Grune & Stratton, New York,1963.Baek, Y.K. and Layne, B.H. �Color, Graphics and Animationin a Computer-AssistedLearningTutorialLesson.� Journalof Computer-BasedInstruction, 15(4):131-135, 1988.Baldwin, D. �ThreeYears� Experiencewith Gateway Labs.� SIGCSE Bulletin, 28:6-7,1996.

92References

Barnett, B.L. III �An EthernetPerformanceSimulatorfor Undergraduate Networking.�SIGCSE Bulletin, 25(1):145-150, 1993.Barnett, B.L. III �A VisualSimulatorfor a Simple Machineand Assembly Language.�SIGCSE Bulletin, 27(1):233-237, 1995.Barr, J. and Smith King, L.A. �An Environmentfor Interpreter-BasedProgrammingLanguage Projects.� SIGCSE Bulletin, 27(1):159-162, 1995.Barrett, M.L. �A Hypertext Module for Teaching User InterfaceDesign.� SIGCSE Bulletin,25(4):107-111, 1993.Baxter, N., Hastings, D., Hill, J., Martin, P. and Paul, R. �Introductionto ComputerScience:An InteractiveApproachUsing ISETL.� SIGCSE Bulletin, 22(1):31-33,1990.Bergin, J., Brodlie, K., Goldweber, M., Jim�nez-Peris, R., Khuri, S., Pati�o-Mart�nez,M., McNally, M., Naps, T., Rodger, S. and Wilson, J. �An OverviewofVisualization:Its Use and Design.� In G. Davies(Ed.), Proceedingsof the FirstSIGCSE/SIGCUE Conferenceon IntegratingTechnology into Computer ScienceEducation,Barcelona, Spain, June 2-6, 1996. SIGCSE Bulletin, SpecialIssue,28:192-200, 1996.Berlo, D. The Process of Communication:An Introductionto Theory and Practice.Holt,Rinehart and Winston, New York, 1960.Berque, D., Bogda, J., Fisher, B., Harrison, T. and Rahn, N. �The KLYDEWorkbenchfor Studying ExperimentalAlgorithmAnalysis.� SIGCSE Bulletin, 26(1):83-87,1994.Blythe, S., James, M. and Rodger, S. �LLparseand LRparse: Visualand InteractiveToolsfor Parsing.� In Proceedings of the Twenty-fifth SIGCSE Technical Symposium onComputer Science Education, 208-212, 1994.Boroni, C.M., Eneboe, T.J., Goosey, F.W., Ross, J.A. and Ross, R.J. �DancingwithDYNALAB:Endearingthe Scienceof Computing to Students.� In Proceedingsofthe Twenty-Seventh SIGCSE Technical Syposium on Computer Science Education,135-139, 1996.Borsook, T.K. and Higginbotham-Wheat, N. �Interactivity:What Is It and What It Can Dofor Computer-Based Instruction?.� Educational Technology, 31(10):11-17, 1991.Boyle, T., Gray, J., Wendl, B. and Davies, M. �Taking the Plunge with CLEM: The Designand Evaluationof a Large Scale CAL System.� Computers and Education, 22(1-2):19-26, 1994.Bransford, J.D. and Cognition and Technology Group at Vanderbilt.�Anchoredinstruction:Why We Need It and How Technology Can Help.� In D. Nix and R. Spiro (Eds.),Cognition, educationand multimedia. Lawrence ErlbaumAssociates, Hillsdale,New Jersey, 1990.Brown, J.S., Collins, A. and Duguid, P. �Situated Cognition and the Culture of Learning.�Educational Researcher, 18(1):32-41, 1989.Brown, J.S. and VanLehn, K. �Repairtheory: A GenerativeTheory of Bugs in ProceduralSkills.� Cognitive Science, 4:379-426, 1980.

References93

Brown, M.H. Algorithm Animation, MIT Press, Cambridge, MA, 1988.Brown, M.H. Zeus: A System for Algorithm Animation and Multi-view Editing. DigitalSRC Research Report 75, 1992.Brown, R.A. �A Software Testbed for AdvancedProjects in Real-timeand DistributedComputing.� SIGCSE Bulletin, 25(4):247-250, 1993.Bruner, J. (1966). Toward a Theory of Instruction. Cambridge, Massachusetts:HarvardUniversity Press.Brusilovsky, P.L. �IntelligentTutor, Environmentand Manualfor IntroductoryProgramming.� Educationaland TrainingTechnology International, 29(1):26-34,1992.Cagnat, J.M., Gueraud, V. and Peyrin, J.P. �The ArcadeLaboratory:An EnvironmenttoHelp Teach Algorithms.� SIGCSE Bulletin, 22(4):37-41, 1990.Card, S., Moran, T. and Newell, A. The Psychology of Human-ComputerInteraction.Lawrence Erlbaum Associates, Hillsdale, New Jersey, 1983.Carroll, J.M. The Nurnberg Funnel. MIT Press, Cambridge, Massachusetts, 1990.Caugherty, D. and Rodger, S. �NPDA:A Tool for Visualizingand SimulatingNondeterministicPushdown Automata.�In N. Deanand G.E. Shannon (Eds.),Proceedingsof the DIMACS Workshop on ComputationalSupport for DiscreteMathematics, 365-377, Rutgers University, Piscataway, New Jersey, March12-14, 1994.Chabay, R.W. and Sherwood, B.A. �A PracticalGuide for the Creationof EducationalSoftware.� In J.H. Larkin and R.W. Chabay (Eds.), Computer-AssistedInstructionand IntelligentTutoring Systems: Shared Goals and ComplementaryApproaches, (pp. 151-186). Lawrence Erlbaum Associates, Hillsdale, New Jersey,1992.Coe, P.S., Williams, L.M. and Ibbett, R.N. �An InteractiveEnvironmentfor the Teachingof Computer Architecture.� SIGCSE Bulletin, 28:33-35, 1996.Cognition and TechnologyGroup at Vanderbilt.�Anchoredinstructionand SituatedCognition Revisted.� Educational Technology, 33(3):52-70, 1993.Cognition and TechnologyGroup at Vanderbilt.�Multimediaenvironmentsfor enhancingstudent learningin mathematics.�In S. Vosniadou, E. De Corte and H. Mandl(Eds.), Technology-Based LearningEnvironments:Psychologicaland EducationalFoundations, (pp. 167-173). NATOASI Series, Series F: Computer and SystemsSciences, 137, Springer-Verlag, Berlin, 1994.Cowley, B., Scragg, G. and Baldwin, D. �Gateway Laboratories:Integrated, InteractiveLearning Modules.� SIGCSE Bulletin, 25(1):180-184, 1993.Cronbach, L. and Snow, R. Aptitudes and Instructional Methods: A Handbook for Researchon Interactions. Irvington, New York, 1977.Denning, P.J., Comer, D.E., Gries, D., Mulder, M.C., Tucker, A., Turner, A.J. andYoung, P.R. �Computing as a Discipline.� Communications of the ACM, 32(1):9-23, 1989.

94References

Ernst, G. and Newell, A. GPS: A Case Study in Generality and Problem Solving. AcademicPress, New York, 1969.Estes, W.K. �Toward a Statistical Theory of Learning.� PsychologicalReview, 57:94-107,1950.Fagin, B. �Two Years of �The DigitalWorld�: Portable Courseware for TechnologicalLiteracy.� SIGCSE Bulletin, 26(1):97-101, 1994.Feldman, M.B. �The Portable DiningPhilosophers: A MovableFeast of Concurrency andSoftware Engineering.� SIGCSE Bulletin, 24(1):276-280, 1992.Finkel, D. and Chandra, S. �NetCp - A Project Environmentfor an UndergraduateComputer Networks Course.� SIGCSE Bulletin, 26(1):174-177, 1994.Fitzgerald, S. and Place, J. �TeachingElementaryQueueingTheory with a ComputerAlgebra System.� SIGCSE Bulletin, 27(1):350-354, 1995.Foster, L.A. and Hughes, N.L. �Making Files Real with a VirtualDisk.� SIGCSE Bulletin,23(1):199-204, 1991.Gagn�, R.M. �MilitaryTrainingand Principles of Learning.� AmericanPsychologist,17:263-276, 1962.Gagn�, R.M. The Conditions of learning. Holt, Rinehart and Winston, New York, 1965.Gagn�, R.M. and Briggs, L.J. Principlesof InstructionalDesign. Holt, RinehartandWinston, New York, 1974.Gagn�, R.M. and Driscoll, M. Essentialsof Learningfor Instruction(2nd Ed.). Prentice-Hall, Englewood Cliffs, New Jersey, 1988.Gee, R. and McArthur, R. �Some Experienceswith CAI and NATAL.� SIGCSE Bulletin,23(4):61-64, 1991.Gibson, J.J. The Senses Consideredas PerceptualSystems. Houghton Mifflin, Boston,1966.Gick, M.L. and Holyoak, K.J. �SchemaInduction and AnalogicalTransfer.� CognitivePsychology, 12:306-365, 1983.Gong, R. and Elkerton, J. �DesigningMinimalDocumentationUsing the GOMS Model:AUsability Evaluationof an EngineeringApproach.� CHI 90 Proceedings.Association for Computing Machinery, New York, 1990.Harlan, R.M. �The AutomatedStudent Advisor: A Large Project for Expert SystemsCourses.� SIGCSE Bulletin, 26(1):31-35, 1994.Hartley, S.J. �Experiencewith the LanguageSR in an Undergraduate OperatingSystemsCourse.� SIGCSE Bulletin, 24(1):176-180, 1992.Heaney, T. LearningtoControlDemocratically:EthicalQuestionsinSituatedAdultEducation. Internet WWW page, at URL:http://nlu.nl.edu/ace/Resources/Documents/AERC95.html(versioncurrentat7October 1996).

References95

Helttula, E., Hyrskykari, A. and R�ih�, K.-J. �Graphicalspecificationof algorithmanimations with ALADDIN.� In Proceedings of the Twenty-Second Annual HawaiiInternationalConferenceon System Sciences, 892-901, Kailua-Kona, Hawaii,January 1989.Helttula, E., Hyrskykari, A. and R�ih�, K.-J. �Principles of ALADDINand other algorithmanimationsystems.� In T. Ichikawa, E. Jungert and R.F. Korfhage (Eds.),VisualLanguages and Applications, 175-187, Plenum Press, New York, 1990.Hull, C. et al. Mathematico-Deductive Theory of Rote Learning. Yale University Press, NewHaven, New Jersey, 1940.Ingargiola, G., Hoskin, N., Aiken, R., Dubey, R., Wilson, J., Papalaskari, M.-A.,Christensen, M. and Webster, R. �A Repository that Supports TeachingandCooperation in the Introductory AI Course.� SIGCSE Bulletin, 26(1):36-40, 1994.Jacobson, M.J. Knowledge Acquisition, Cognitive Flexibility, and the InstructionalApplicationsof Hypertext:A Comparisonof ContrastingDesigns for Computer-EnhancedLearningEnvironments. Doctoraldissertation. University of Illinois,Champaign, Illinois, 1990.Jonassen, D.H. �Hypertext as Instructional Design.� Educational Technology, ResearchandDevelopment, 39(3):5-14, 1991.Jonassen, D.H. �Cognitive Flexibility Theory and Its Implications for Designing CBI.� In S.Dijkstra, H.P.M. Krammer and J.J.G. van Merri�nboer(Eds.), InstructionalModels in Computer-BasedLearningEnvironments, (pp. 385-403). NATOASISeries, Series F: Computer and Systems Sciences, 104, Springer-Verlag, Berlin,1992.Jonassen, D.H., Hannum, W.H. and Tessmer, M. A Handbook of Task AnalysisProcedures. Prager, New York, 1989.Kearsley, G. Explorationsin Learningand Instruction:The Theory Into PracticeDatabase.Internet WWW page, at URL: http://gwis2.circ.gwu.edu/~kearsley/ (version currentat 31 January 1996).Khuri, S. and Williams, J. �Neuralis:An ArtificialNeural Network Package.� SIGCSEBulletin, 28:25-27, 1996.Kiser, L. �Spatial-visualAbility:Can Computer VisualizationFacilitateAchievement?�Educational Technology, 27(5):36-40, 1987.Knowles, M. Self-Directed Learning. Follet, Chicago, 1975.Knowles, M. Andragogy in action. Jossey-Bass, San Francisco, 1984.Kopponen, M., Kasurinen, V. and Linna, M. �Experimentationof COSTOC-programs.� InProceedings of the Nordic Conference on Computer Aided Higher Education,246-253, Helsinki University of Technology, Otaniemi, Finland, August 21-23, 1991.Kotz, D. �A Data-ParallelProgramming Library for Education(DAPPLE).� SIGCSEBulletin, 27(1):76-81, 1995.Lahtinen, S.-P., Lamminjoki,T., Sutinen, E., Tarhio, J. and Tuovinen, A.-P. �TowardsAutomatedAnimationof Algorithms.� In N. Thalmannand V. Skala (Eds.),Proceedingsof FourthInternationalConferencein CentralEuropeon Computer

96References

Graphics and Visualization 96, 150-161, University of West Bohemia, Departmentof Computer Science, 1996.Laird, J.E., Newell, A. and P.S. Rosenbloom. �Soar: An Architecturefor GeneralIntelligence.� Artificial Intelligence, 33:1-64, 1987.Lamminjoki,T., Lilja, S. and Ollikainen,V. Eliot (in Finnish). Report C-1995-68,University of Helsinki, Department of Computer Science, 1995.Lave, J. Cognition in Practice:Mind, Mathematics,and Culturein Everyday Life.Cambridge University Press, Cambridge, UK, 1988.Lave, J. and Wenger, E. Situatedlearning:LegitimatePeripheralParticipation. CambridgeUniversity Press, Cambridge, UK, 1991.Lees, B. and Cowie J. �ApplyingNatural LanguageTechnologyto the LearningofOperating Systems Functions.� SIGCSE Bulletin, 28:11-13, 1996.Li, S. R511InstructionalTechnologyFoundations:HistoricalTimelineProject:ProgrammedInstruction. Internet WWW page, at URL:http://copper.ucs.indiana.edu/~shali/page1.html (version current at May 2 1996).Li, Z. and Merrill, M.D. �ID Expert 2.0: Design Theory and Process.� EducationalTechnology Research and Development, 39(2):53-69, 1991.Liffick, B.W. and Aiken, R. �A Novice Programmer�s Support Environment.� SIGCSEBulletin, 28:49-51, 1996.Lim, B.B.L. and Hunter, R. �DBTool:A GraphicalDatabaseDesign Tool for anIntroductory Database Course.� SIGCSE Bulletin, 24(1):24-27, 1992.Linn, M.C. �How Can HypermediaTools Help TeachProgramming?.� LearningandInstruction, 2(2):119-139, 1992.LoSacco, M. and Rodger, S. �FLAP: A Tool for Drawing and SimulatingAutomata.�InED-MEDIA93, Proceedingof World Conferenceon EducationalMultimediaandHypermedia, 310-317, Orlando, Florida, June 23-26, 1993.Lovato, M.E. and Kleyn, M.F. �Parser Visualizationsfor DevelopingGrammars withYacc.� SIGCSE Bulletin, 27(1):345-349, 1995.Mager, R. PreparingInstructionalObjectives (2nd Edition). Lake Publishing Co, Belmont,CA, 1975.Marsden, P. and O�Connell, M. �MuPMoTT- A MultimediaBased Tool Supporting theTeachingof Process Modellingwithin a Framework of Structured SystemsAnalysis.� SIGCSE Bulletin, 24:116-118, 1996.Maurer, H. Sorting Techniques. COSTOC Course 7, Course documentation, 1988.Maurer, H. Introductionto DatabaseSystems and the RelationalDataModel. COSTOCCourse 28, Course documentation, 1990.Meehan, D., Leonard, J. and Schonfelder, L. �An IntelligentFortran Adviser forPostgraduates and Reseachers.� In Proceedingsof CALISCE 91, Internationalconferenceon computeraidedlearningand instructionin scienceand engineering,EPFL, Lausanne, Switzerland, September 9-11, 1991.

References97

Merrill, M.D. �LearnerControl in Computer Based Learning.� Computers and Education,4:77-95, 1980.Merrill, M.D. �ComponentDisplayTheory.� In C. Reigeluth(Ed.), InstructionalDesignTheories and Models. Lawrence Erlbaum Associates, Hillsdale, New Jersey, 1983.Merrill, M.D. InstructionalDesign Theory. EducationalTechnologyPublications,Englewood Cliffs, New Jersey, 1994.Merrill, M.D., Li, Z. and Jones, M. �InstructionalTransactionTheory: An Introduction.�Educational Technology, 31(6):7-12, 1991.Merrill, M.D., Riegeluth, C. and Faust, G. �The InstructionalQualityProfile: CurriculumEvaluationand Design Tool.� In H. O’Neil (Ed.), Proceduresfor InstructionalSystems Development. Academic Press, New York, 1979.Miller, G.A. �The MagicalNumber Seven, Plus or Minus Two: Some Limitson OurCapacity for Processing Information.� Psychological Review, 63:81-97, 1956.Neff, N. �A Logic Programming Environmentfor TeachingMathematicalConcepts ofComputer Science.� SIGCSE Bulletin, 25(1):20-24, 1993.Newell, A. and Simon, H. Human Problem Solving. Prentice-Hall, Englewood Cliffs, NewJersey, 1972.Olson, J.R. and Olson, G.M. �The Growth of CognitiveModelingin Human ComputerInteraction Since GOMS.� Human Computer Interaction, 5:221-265, 1990.O�Neal, M.B. and Kurtz, B.L. �WATSON:A ModularSoftware EnvironmentforIntroductory Computer Science Education.� SIGCSE Bulletin, 27(1):87-91, 1995.Osborne, M. �APPGEN: A Tool for TeachingSystems Analysis and Design.� SIGCSEBulletin, 24(1):259-263, 1992.Piaget, J. La Naissancede l’IntelligenceChez l’Enfant. Delachaux& Niestl�, Neuch�tel,1936.Polson, M.C. �CognitiveTheory as a Basis for InstructionalDesign.� In J. Spector, M.C.Polson and D. Muraida(Eds.), Automating InstructionalDesign:Concepts andIssues, 5-22. Englewood Cliffs, New Jersey: EducationalTechnologyPublications, 1993.Prince, C., Wainwright, R.L., Schoenefeld, D.A. and Tull, T. �GATutor:A GraphicalTutorial System for Genetic Algorithms.� SIGCSE Bulletin, 26(1):203-207, 1994.Ravden, S. and Johnson, G. EvaluatingUsability of Human-ComputerInterfaces:APractical Method. Ellis Horwood Limited, Chichester, 1989.Repo, S. Mathematics in the Computer Environment. Constructing the Concept of Derivativeby Means of the Computer AlgebraProgram(in Finnish). Doctoralthesis,Publications in education, N:o 33, University of Joensuu, 1996.Richards, T.C. and Fukuzawa, J. �A Checklistfor Evaluationof Courseware AuthoringSystems.� Educational Technology, 29(10):24-29, 1989.

98References

Rifkin, A. �eText: An Environmentfor LearningParallelProgramming.� SIGCSE Bulletin,26(1):281-285, 1994.Rogers, C.R. Freedom to Learn. Columbus, OH: Merrill, 1969.Rosner, M. and Baj, F. �Portable AI Lab for Teaching Artificial Intelligence.� EducationandComputing, 8:347-355, 1993.Saettler, P. The Evolution of AmericanEducationalTechnology. LibrariesUnlimited,Englewood, CO, 1990.Salomaa, A. and Maurer, H. Cryptography and Data Security. COSTOC Course 32, Coursedocumentation, 1988.Salomaa, A. and Maurer, H. Computationand Automata. COSTOCCourse 5, Coursedocumentation, 1989.Salomon, G. Interactionof Media, Cognition, and Learning. Jossey-Bass, San Francisco,1979.Salomon, G., Perkins, D. and Globerson, T. �Partners in Cognition:ExtendingHumanIntelligenceWith IntelligentTechnologies.� EducationalResearcher, 20(4):2-9,1991.Sanders, I. and Gopal, H. �AAPT:AlgorithmAnimatorand Programming Toolbox.�SIGCSE Bulletin, 23(4):41-47, 50, 1991.Schank, R.C. Conceptual Information Processing. Elsevier, New York, 1975.Schank, R.C. Tell Me a Story: A New Look atReal and ArtificialIntelligence. Simon &Schuster, New York, 1991.Schank, R.C. and Abelson, R. Scripts, Plans, Goals, and Understanding. LawrenceErlbaum Associates, Hillsdale, New Jersey, 1977.Schweitzer, D. �DesigningInteractiveVisualizationTools for the Graphics Classroom.�SIGCSE Bulletin, 24(1):299-303, 1992.Selnow, G.W. �Using InteractiveComputer to CommunicateScientificInformation.�Americal Behavioral Scientist, 32(2):124-135, 1988.Shannon, C. and Weaver, W. The MathematicalTheory of Communication. University ofIllinois Press, Champaign, Illinois, 1949.Shubin, H., Falck, D. and Johansen, A.G. �ExploringColor in InterfaceDesign.�Interactions:New Visions of Human-ComputerInteraction, 3(4):36-48, July +August, 1996.Silver, J.L. �Using Ada to Specify and EvaluateProjects in a DataStructures Course.�SIGCSE Bulletin, 23(1):337-340, 1991.Skinner, B.F. The Behavior of Organisms:An ExperimentalAnalysis. Appleton-Century-Crofts, New York, 1938.Sloffer, S. R511InstructionalTechnologyFoundations:HistoricalTimelineProject:TeachingMachines. Internet WWW page, at URL:http://copper.ucs.indiana.edu/~ssloffer/page1.html (version current at May 2 1996).

References99

Spiro, R.J., Coulson, R.L., Feltovich, P.J. and Anderson, D. �CognitiveFlexibilityTheory: AdvancedKnowledge Acquisitionin Ill-structuredDomains.� In V. Patel(Ed.), Proceedingsof the 10th Annual Conferenceof the Cognitive ScienceSociety, (pp. 375-383). Lawrence ErlbaumAssociates, Hillsdale, New Jersey,1988.Spiro, R.J. and Jehng, J.C. �Cognitive flexibility and hypertext:Theory and technologyforthenonlinearandmultidimensionaltraversalof complexsubject matter.� In D. Nixand R.J. Spiro (Eds.), Cognition, education, and multimedia:Explorationsin HighTechnology, (pp. 163-205). Lawrence Erlbaum Associates, Hillsdale, New Jersey,1990.Spiro, R.J., Vispoel, W., Schmitz, J., Samarapungavan, A. and Boerger, A. �KnowledgeAcquisitionforApplication:CognitiveFlexibilityand Transfer in Complex ContentDomains.� In B.C. Britton (Ed.), Executive ControlProcesses, (pp. 177-199).Lawrence Erlbaum Associates, Hillsdale, New Jersey, 1987.Stasko, J.T. �Tango: A Framework and System for Algorithm Animation.� IEEE Computer,23(9):27-39, 1990.Stasko, J.T. �Animating Algorithms with XTANGO.� SIGACT News, 23(2):67-71, Spring1992.Sticht, T.G. �Applications of the Audread Model to Reading Evaluationand Instruction.� InL. Resnick and P. Weaver(Eds.), Theory and Practiceof EarlyReading. Volume1. Lawrence Erlbaum, Hillsdale, New Jersey, 1975.Thorndike, E. EducationalPsychology: The Psychology of Learning. TeachersCollegePress, New York, 1913.Tukiainen, M. and Lempinen, R. Muokattu Ravdenin jaJohnsonin menetelm�ohjelmistonk�ytett�vyyden arviointiin.(In Finnish). Report B-1994-1. DepartmentofComputer Science, University of Joensuu, 1994.Tymann, P. �VNET:A Tool for TeachingComputer Networking to Undergraduate.�SIGCSE Bulletin, 23(1):21-24, 1991.Vygotsky, L.S. Thought and Language. MIT Press, Cambridge, Massachusetts, 1962.Wertheimer, M. Productive Thinking (Enlarged Ed.). Harper & Row, New York, 1959.Young, J.I. and Knezek, G.A. �AuthoringTools.� Computers in Schools, 6(3):165-173,1989.

Dissertations at the Department of Computer ScienceRASK, RAIMO. Automating Estimation of Software Size During the RequirementsSpecificationPhase- Application of Albrecht�s Function Point Analysis Within StructuredMethods. Joensuun yliopiston luonnontieteellisi� julkaisuja 28 - University of Joensuu.Publications in Sciences, 28. 128 p. + appendix. Joensuu, 1992.AHONEN, JARMO. Modeling Physical Domains for Knowledge Based Systems. Joensuunyliopiston luonnontieteellisi� julkaisuja 33 - University of Joensuu. Publications in Sciences,33. 127 p. Joensuu, 1995.KOPPONEN, MARJA. CAI in CS. University of Joensuu, Computer Science, Dissertations1. 99 p. Joensuu, 1997.