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Proiect SummarY
The present approach to Computer Science leaming provides very different environments

for each of four learning modes. These four modes ate characterized by the classroom' the
laboratory the textbook, and individual problem solving in homework o. examinations- The

separation of these envircnments prevents students from making useful connections between the

leaming that occurs in the four different modes.
This project will develop an Integratf,i IJaming Eovironment that will encomPass all four

modes of leaming. This environment will be web-based and provide features for effective teacher-

student and machine-student interaction. It wiU also suPport integrated animation alld the

compilation and testing of sarnple code.
A course that introduces computer science through Sraphics to general education students

will be designed and implemented complctely within this htograted Leaming Environment' This

course will provide an effective introduction to problem solving and the discipline of computer

science to undergraduate students in thc setting of graphics md the Java Programming language'

The environment will also be applied to portions of two loworlevel core ComPuter Science

courses and a non-technical First Yea! Seminar cou$e on qfberculture'

The Integrated l€aming Envircnment and the course matorials will be disseminakd

through professional paPers, presentations, and worksbops and distributed via the World Wide

weu.-Tne tutl materiali for the general education course will be presented to commercial
publishers for possible publication'
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Course and Curriculum Development Proposal
HoPe College ComPuter Science

Narrative

1.0 Results lrom Prior NSF SuPPort
The three investigators have received four NSF grants related to undergraduate education

over the past five years. These grants are listed in abbreviated form below:

Grant Number CDA-92001I8 Amount of Award $86,550
Support Period April I, 1992 until SePtember 30, 1995
Titli: RnU: An Undergraduate Research Participation Program in Computer Science

P.I. Herbert L. Dershem

crantNumber DUE-9550902 AmountofAwad $52'601
Support Period June l, 1995 until May 31, 1998
Tiil;: A Laboratory for ExPerimenting with Operating Systems and Networking Concepts

PI. Michael J. JiPPing

OrartNumber CDA-9423923 AmoultofAward $114,393
Support Period March 1, 1995 to February 28' 1998
Titi;: RBU: An UndeBraduate Rcsearch Participation Program in Computer Science
PI. Herbert L. Dershem

GrantNumbe! DUE-9650129 AmountofAward $46,356
Support Period June 15, 1996 until May 3l' 1998
Tiili: ,ln Integrated Classroom/Laboratory for Infioducing Students to Object-Oriented Con'

cepts
P.I. MichaelJ.Jipping/Herb€rtL.Dershqn/GodorA.Stegink

The two REU grants have supPorted under$aduate rescarch withio the department during

thasummersof|gg2-|99.1'Inthesesummers,45studentshavepadicipatedin22different

research projects. Foute€n of our past participants have atrended graduate school' Eighteen

papers and presentations havo been written or co-written by participatrts in this program' A

bibliography follows.

The frrst ILI graot was to suPport the development of wgb-based, interactive laboratories

in suppo( of courses in Operating Systems and Computer Network h the two years of fhis
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course and Curriculum Development Proposal Hop€ College Computer Science

project, the laboratory experiences developed under this gmnt werc positively rereived by

students and colleagues at other institutions, and evidence has indicated leamiug has been

ennanceo.

The second ILI grant, which is still in progress' supports the establishment of a

combination classroom and laboratory envitonment to support the seamless integration of large

group (classroom) and small $oup (laboratory) leaming. The equiPment purchased with this

grant is presently being used in atl Hops College computer science classes and will Play an

important role in the project being Proposed here.

Papers presented and Published that have cited the above four grants:

McFall, R. 1992. Using lhc Computcr to Visualizc and Simukto Abstact Modols ofcompulation Pow

Midsr.tcs Consortium Undcrgtaduatc Rcs.lrch Symposium. Grinncll' IA-' Oclobcr

Shu, M. 1992. An Objcct-Oricntcd Application/Programmer Int rfac€- Pcw Midslaies Consordum

Undorgraduate Rcscarch SyrnPosiunl Crinnoll' IA.
Matthews*, E. and M Shield*. 1992. Pholosynthcsis: An Object-Oricnted Tc-st Bcd for PaEllel Ray

Tracing. Argonne Symposium on Udcrgraduatc Rcs€arch. Argonnq IL'- 
Ho;dl, J.. R- WohUEnh, and M. Shu. "An Obicct-O.ient d Application/Programmcr Inlcrfacc for

Nctwork Proganuning," Prcccrdings of thc 1993 symposium on Appli.d CoEPuting, 1993'

engit, C., U. Ocnttt , R- McFall, A Lopca and S' Wiltz 1993. Roscarch Expcricncc for Uodergraduates

Psncl. SIGCSB Tcahnical Symposium on Computer Scicncc klucation. lndrnrpolis' IN'

Nclson. R. and E. Showcrs. 1993. Thc Gcnctic Algorithm Parallcl Proeomming ProjccL Pew Midstat's

Consortiumundcrgraduat Roscarchsymposium. Chicago' IL.
Ba(h, W. and C. Bowshcr. 1993. Adavision and TTIREADS: Algoritlm Animdions and Erpcrimental

Ilboratories for Tcaching r Data Stuc$rcs Coursc in Ada- Argonnc sympo6ium for undcrgraduatc Rase{ch.

Argonne,IL.
Dershcm, H. 1993. Algorithm Animation for Data Stnrcturct. UniEd States Air Forc€ Acadcmy Comput€r

Sciencc Colloquium. USAF Acadcmy' CD.
Jipping, M., s. Ilallyn, M Cridcr' N. Rahn, and J. Bdrd. 1993, An Bdpi'ical casc study of Software

Integration ieahniques. NASA lrngley SPace night Ccnter Symposium' Ilnglcy'VA - -
McFalL R: 6nd Il Dershem. 'Irinit Strtc Machine Simutaliotr in an Indoductory bb"' SICCSB BullcnG

26,1 (1994), pp, l2&130.' 
Dcrshen. H.. c. Bowshcr, D- Brown. 1994. Mavision tnd THREADS: Algorithm Animatiotrs and

Expe-dmentall,loratoricsfofTcachingaDatastructurcscourscinAda.ArgonncsymPosiulrfofUndelgraduat€
Research. Argonne, IL

Jipping, M. 1996. New Perspcrtivcs on kboratorias for Upper Irvel Ctasscs Postor at SIGCSE Technical

Symposium on comPuter Science Educatior. Philadelphia, PA'
Oerstrern. ti.L., W. Ba(h, C. Bowsher' and D. Brown, "Datt SEuc'urcs wilh Ada Packages' faboratories'

andAnimations','Pio.€edingsoflheFi(stAustralasianComputerscienceEducationconlerence,(July,1996).
McF,ll'Ryanandstegink'Gordon,..IntmductorycomputerscienccforGeneralE{tucation:I-abomtorles.

Textbooks, and thelnterned' SIGCSE Bulletin, Mar 1997, vol 29, no r' pP' 9Gr00'
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course and Curriculum Development Proposal Hope College computer Science

2.0 Problem or Question
We have observed that a primary problem in Computer Scielce education is the separation

of leaming into four different environments associated with four different modes of learning We

classify the four modes of learning as illustraied in the figure below.

Group

Classroorrd
Izcture

Individual

Knowledge
Acquisiti6n

Problem
Solving

Laborotory/
Closed Lab

Classroon{
Group work

Librory/
Textbook

Laboratoryl
Open Lab

ClasEroond
Examitution

Here leaming is classifred by whether it is in a group or individual and whether the primary mode

ofleamingisknowledgeacquisitionorproblemsolving.Tlpicallocationsandvehiclesforgach

of the fou,leaming paradigms is found in the figure.In addition, the fact that the four boxes above

are distanced flom each othcr illustrales ths fact that these four ale tyPically sePafate.d from each

other both physically and chronologically.

This separation oftcn negatively affects shrderts who genenlly have a diffrcult timo

connecting the leaming that takes place iB one modo to that which occurs in another. For example,

wehavefoundthatourstudentshaveallbutabandonedtheuseoftheirtextbooks'Theyfailto

make a connection between the learning that takes place by feading a textbook to thar which takes
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Course and Curriculum Development Proposal Hope College computer Science

place during class, in the laboratory, or in individual problem solving.

Students also have difficulty making the connection between group knowledge acquisition

in the classroom and group problem solving in the laboratory. In ou. experience, this is difficult

because of the chronological separation betwern the two. A topic discussed in the classroom on

Friday may not be reinforced in the laboratory setting until the following Thursday. This and tie

fact that the classroom and the laboratory ale very difforent settings make the connection between

the two leaming situations more difficull

Allen Tucker in his recent positiotr Paper made the following observations:

Spe.ific issues that need to be addressed by thc teaching faculties of colleges and

universities are $e following:
. The larye lecture class is still thc dominant model for teaching' amidst a

preponderance of evidelc€ that students do their best learning in individual and small

grouP ssttngs.
. iextbooks as a medium are oftcn unhelpful, oYerpricod, and unattraEtive to students

(and faculty), who increasingly prefer altemative styles of teaching and learning'
. Labs above the introductory lev€l are usually unsructured, and lab assignments and

methods are too often haphazadly designed and axecuted.
. Most teaching methods and leaming materials are strongly biased toward a male'

individual, isolated work ethic. IJcfllcs, t€xts and lab assignments favor the ledniBg

styles that are dominant within this narow $oup. [l]

Tucker observes that learning in ttu€e of thc four modas from our classification are in nsed

of serious attention to improve computer scieocd education. We believe this improvement can be

madc through an intggration of tho envirolments of thc four modes into a single environment that

will encourage structurcd, active, and cooperative leaming This will lead toward what Guzdial

and Soloway have referred to as the.'24 Hour Classroom' [2] where leafning opporhrnities are

available at all times in a variety of modes and locations'
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CourseandCurriculumDeve|opmentProposalHopeco|legecomputerscience

Statement of Problem

L The present approach to Contpuler kience leaming pmviles very different

environments for each of the four n@des of teaminS' Tle four are widely separuted both

cfuonotogically anl. plrysically. This sepatation frequznt$ prevents studznts ftotu nak 'g useful

connections of leaming across enenn wntE-

We propose to address this problem through the design and imPlementation of an

Iltegrated Learning Environment- This environmcnt will be developed in the context of the

World Wide Web and support all learning activities of the cou6e including activities normally

associated with lecture, discussion, closcd laboratories, opcn laboratorios, textbooK homework,

and examinations. It will be accessible from a wide variety of locations and plaforms'

2. Computer Scietce general edtcation cowses fail to hone studenJ skills in probhm

solving, abstractiotl, criticdl thinkhg, and claar cont mication of ideas and fail to educate thc

public about thz disciPlinz of conquter sciance. I3l

The present Foject proposes to address this Foblcm through the develoPment of a ge[eral

education course that is based olr comPuter graPhics and focuses oI| the devclopmont of problem

solving skills in that context. Furthermore; this course wiU atromPt to expose students to the

mture of dle discipline of computer sciooce.

Several projccts at other institutions addr€ss these or Plated problems' For example' the

Classroom 2m0 project at Grrrgia Techt4l i8 developitrg art envirounent that will permit

electronic presentations and note tzkillg. This project focuses on student leaming through

electronic interaction with course materials. It does not duplicate the environment we propose a5

it focuses on providing tools for electronic presentatioN aIId notetaking The results of the

Page 5 of 28



Course and Curriculum Development Pfoposal Hope college computer Science

Classroom 2000 project will be useful in extending the project Ptoposed here to utilize these

classroom capabilities.

Project CaMILE[5], also at Georgia Te.h' is Producing a tool that will enhance

collaborative learning through electronic commudcatio[ It is somewhat similar to the

AnnotationEnginewithinourlntegratedl,amingEnvironmentbutdogsnotilcludethefeature

of connecting the cornmunicatioo directly with course content'

CAT[6] is a project which focuses on web-based algorithm admation' and rather than

duplicating the propos€d project, also suPPlements it. The algorithm arimations will likely

become a part of the materials that are develoPed within a given course environment' The

investigators will continue to monitor this and many other algorithm admatioo projects for

animations that can be embedded within cour€e materials of thc Iftegrated l€aming Environment

and tools that can be used to produce such animations'

Finatly, the Michigan State Univcrsity CPS l0l Project is developing a wob-based'

regulated mastery modcl, general education course. The course being developed there, Computing

Concepts and Competencies, is quitc different from the gcneral education course that we are

developing- The Michigan State couse focuses on computer literacy and computer aPplications

whereas our general education coutse is intended to address problem solving atrd the discipling of

computer science. Fu(hermore, the Michigan State course only address€s leaming through

problem solving and does mt integrate the knowledge acquisition components' Ryan McFall'

who is a project assistalt for the proposed Project' is a member of the design team for the

Michisan State course.
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Related Problems

This project will also address the following associated problems, though these will not be

part of the primaly focus of the activities.

.computerscienceleamingisnotsufficientlyactiveandcollaborative.[7]whi|estudies

indicate that active and collaborative leaming is more effective than leaming that is

passive and non-interactive, much of computer science is still taught using the

conventional lecturdtextbook approach.

.computerscienceclassesareoftenunfriondlytowomenandthosewithdisabilit ies.

[8B] Ample cvidence for this is found in t]lc small number of women and students with

disabilities enrolled in Cornputer Scierce courses' This national Problem is oxhibited at

Hope Collcge as well. Whcreas 59% of HoP€'s total enrollment is fomale, only 3870 of

the enrollment in the Computer Sciencr General Education Course is female and less

than 10% of Computer Scionce majors are female'

. Assessment of Compuler scicnce teaming is inadequate ln a discipline where testing

and verification are important issues for scientific study, titde has been done to apply

scientific Grhniques to the assessment of the learniDg process'
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Proposed Proiect3.0
3.1 Goals and Objectives of the Project

1. Integrated Learning Environment

1.1. The Integrat€it l,€arning Environment wilt enhance the ability of students to

integrate their learning among the four modes in th€ contcxt of the general education

course in computer graphics. This environment will include text material' lecture

support material, student laboratory activities, and individual ptoblcm solving activities

integated into a single package that can be accesscd through the World Wide Web It will

b€ tcsted by completely implementing the general education course' Inb:oduction to

Computer Science through GraPhics' within this environment'

1,2. The Integrated L€arning EnYironment will be tr&rspoltrbl€ to other courses and

other institutional enYironments. The transpodability of lhc environment to otner

courses will be established by imptementing selecttd modules in an introductory

computer sciencc course, a clre computer orga$ization .ld architecture coulse' and a non-

technical First Year Seminar course' TfansPortability to other institutions will bo

exanircd by eslablishing test sites at other schools for the general education computer

$aphics clurse and for development of new curricular mtterials using the Integracd

Iraming Environment.

2.Genera|EducationCourse,IntroductiontocomputcrsciencethroughGraphics

2.1. Students completing the general education computcr graphics cours€ \Yill exhibit

improved problem sotYing ability' Ths students will b€tter me€t the courss objectives of

the seneral education course through the use of the environment to iotegrate the practice
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of problem solving with the presentation of knowledge and through interaction with other

students and the course instructor supported by the environment. It has already been

established that the computer graphics approach stimulates interest alld improve's student

problem solving skills[ll] and the implementation of the course in the inte$ated

environment will result in filrthgr improvement through better connectioos between the

four modes of learning.

2.2, Students completing the general education computer graphics couse will be able

to demonstrate an understanding of the nature of computer sci€nce as a discipline

and show an incr€ased inter€st in pursuing fu her study of the field' The general

education course will promote beder student understanding of the freld of computer

science by atlowing snrdents to Participate in the fundamental procass of computer

science, problcm solving, itr a context (graphics) that is intuitive and enjoyable' The

environment will provide the opporhrnity to includc link that will cxpose the students to

the ideas and experiences from many algas of computcr sciencg, and stimulate student

interest in further study.
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3.2 Procedures and Methods

3.2.1 The Integrated L€arning Environment

A key component in this project is the development of an environment that will integrate

the fouf leaming modes. This environment will reside on the World Wide Web' and will

incorporate the features of the web to great advantage Such features include:

. Hypertext link to rclated material, both within and outside of the local site'

. Access to multimedia capabilities including graphics' sound, and video

.PlatformindgPendencepermiRingaccessfromava.rietyoflocationsircludiogthe
classroom, campus comPuter labs, dormitory rooms, and remotc locations'

In addition, we will develop several enhancements to the web environment The nrst of

these is a Program Development EnvironmenL This environment will provide a window within

the web page that will Prmit the sh.rdent to enter comPlete Programs or edit programs provided

within the page. After the editing process has been completed, the student can select the run

button afld the program will be compiled, with comPiler mossages presented in a separate

window. If the compilo is succ€ssful, the program will be run with the resulting output also

appgslinginaseparaigwindow.AlthoughtheoriginalimplemeatationofthisonvLonmertwillbe

in support of the programming language Jav4 we plan to extend this to make it as lalguage

independent as possible. A possible view of the Program Devclopment Envitonment is found in

App€ndix D.

A second important tool within this environment is the Annotation Engine' The purpose

of this engine is to provide easy and effective communication between studenls and the instructot

and between the snrdent aod herself. This tool will permit the leamol, when working with each
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page of the cou$e materials, to make an annotation on that page' When the alnotation is made, it

can be directed to one of two destinations: the instructor or the leamer. If the annotation is

directed to the instructof, it will appear on the instructor's annotation window for the active page

the next time the instructor views that page. If the destination is the learner helself, the annotation

will appgar on the leamer's annotation window the next time she views that page. Annotations for

a page appear as an icon which indicates whether the annotatioo text is empty or not' Clicking on

the icon results in the annotation window for that page appearing. Any user may theo read the text

in her personal annotatioo windoq edit it in any way, and perhaPs delete it'

The Annotation Engine will have many uses within the clsss related to each of the four

modes of learning. Annotations by the instructor difecbd at the students allow the insfuctor to

provide special instructions or explanatory information. student annotations to the instructor cafl

be used to raise questions or prcsent solutions to exercises. student annotations to themselves will

permit the studcnts to take margin nolcs or Place special remindets.

An example of a prototypical view of the Annotation Engine is givcn beloq where the

right-hand screen shows what might apPear if the annotation icorl is clicked in the left screen:
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A?dirL*!t.rDoh!nrd.-ddtDdl&D'd!r

,i!;.dtuo&ad

wg.lo.h!'tut idd o.t.q odts

r.d!&.rFdrdo|idrr|'--..4.F-&&4

it-'-tueF.d.u&l

r.lt*Drdd.!.rdtl6
IFd.lJEre9d!|-rl

E-Hdl.d-r{*#'l
d.r.srir4rdrrlqrrnrd

!.e!q1!'u!'Fokidktq'

3H.|i 'd-6dLFru+|d'6

Page 1l of 28



Course and Curriculum Development Proposal Hope Coltege Computer Science

3.2.2 General Education Course - Introduction to Computer Science through Graphics

The Course Components

. Graphics: All computer output in the course is graphical. All problems and Prqects use

graphics objects. There is ample room for mathematical analysis, but students neve. compute

columns of numbers. This approach has broad appeal. Within just a few days students can

generate complex patterns, and shortly after that they can construct animations' Students gain

experience with abstraction, complex Problem solving, and algorithmic design, analysis, and

testing in an intuitive context.

. Projects: There are six Programming projects, all graPhical, open-ended, and gender-neutral

Video games or competitive simulations arc avoided. Instead projects require students to

make dgliveries around a virtual town, design quilts, construct a college dance (different

groups of people do different actioru), or draw a picture of a city skyline' Projects are

designed to be done in groups and all are flexible and open-ended so that each group

produces a product that is different from those of the other g(oups. Groups often prcsent the

results of their projects to classmates.

. Homework: The course is designed so that some computer work is required of the student

almost every class day. There are frfteen homework exercises which illustrate and implement

class material. They are att small programmiog ploblems' and atl use graPhics- Each student

pfoduces her own solution, but collaboration with other shrdents is important in the discovery

of key ideas.
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. Laboratories: I2boratory work is distributed thtoughout the course in short modules- There

will be approximately 50 such modules, with at least one used during each class meetlng'

Some of the modules deal with aspects of leaning the programmiog lalguage, and others

with genenl comPuter scienc€ toPics E)Propriate to the course: simulation; cellular automata:

softwaretesting;alldfractals.Allofthemodulesrequircteameffort.Rathefthanisolatingthe

laboratoliesinasingletineperiodduingthewe€k,theywillbcemb€ddedwithinthecoursg

at various points. Bxamples of two laboratories arc found in Appendix B'

Outlin€ of the course

l. Introduction: Course goals, Java' and the cnvironment

2. Movey'Draw graphics: lincs, circles, rectangles' ovals, pixel coordinates and dimension

3. Repetition: for loops, vadables, functions, ralldom numbers

4. Motion: animation, color, operatols, data types

5. conditionals: if, nestcd loops, DeMorgan's l,aws, frll, circular functioN, if stuc$res'

distance, abs

6. VO and Texc Bvent loops, stings, corditional [oops, simulation, optimization loops

7. Arrays: operations on anays' paraltel afiays, idircct addlessing' cellular automata

8. Algorithms: Shuffling, sorting, searching, recursion, fractals

Use of Integpaterl l-carning Environme

An objective of this Project is to imPlement this course within the previously desdibed

Integrated l,earning Envirorment to strengtheo the conne-ctiols between the four modes of

leaming. Features of the lotegrated lJaming Environment ill this course are ptesented here'

Classroom presentations and demonstrations will be placed within the context of the
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Integrated l,earning Environment. These presentations may then link to other component such as

the text or lab components. The classroom presentations and demonstrations will also be available

to the student outside of the classroom for use duri[g other modes of leaming.

Laboratory activities will also be placed in this environment. This permits the

laboratories to easily link to appropriate classroom and text material. Laboratory activities will be

done in groups of two in the classroon/laboratory alrd this in-class environment will permit

seafi ess integration of presentation and lab activities. It is anticipated that the inskuctor will

never present for more than 7 minutos bcfore some kind of lab activity will occur. The Program

Development Environmont will be used heavily in labs. Tlpically code to be modif,ed or skeletal

code will be Fovided for students to modiry or complete in the lab setting. Toams will present

thcir solutions to the entire class through big-sq€en projection in the clas$oom, through web

page links, or through instluctor-distibuled annotations. Homework, text, loctures, and exams

will be linked within the envircnment to laboratory activities.

The text matedal fo( this course will be written as a part of this project and become a part

of the Inte$ated lraming Envtonmcnl This text will include links to laboratolies, homeworks,

and classroom presentation materials. It will also utilize thc Pogram Dovolopment Environment

for demonstratiol and practice, the Annotation Engirc for personal and instuctor annotatioDs,

and links to various animations and external souces such as language refeEnce material or

ertodals. Stegink and McFall have previously implemcnted pa(t of the laoguage rcference

ma.terial for this course on the web. See Appendix C for a sample page.

Homework exercises will b€ intended for individlal problem solvi[g and will be linked to

the appropriate information in presentations, text, or laboratories. Annotations associated with
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homework will permit easy communication between instructor and student_

Examinations will also be within the Integrated Iraming Environmeflt' again with

appropriate links. Policies and formats for exams have not yet b€en determined, but various

altematives will be explored during the course of this projgct.

Course assessment information will also be obtained through the lntegrated Laroing

Environment. Each web page will contain a field that will identify the course objective that is

beirgaddressedbythatpage.Inthisway,covcrageofallobjcctivoswillbeverif,ed,whileboth

shrdent and instmctor can focus on the objectivo being addressed by every leaming activity' As

student mastery is a6sesse4 a record will be kgpt by objective so that an oversll assessrnent of

each objective will be available. In addition, assessment daia will be collected by measudng the

activity on each web page by student and by date, and sbrdents will be asked to provide

assessment informatiotr at vatious points in tlre course via annotation submission oi email'

Oyerview of General Educltion Course Development

Prior to
Mzy,1997

. Design of graphics-based general cducation course using Tirrbo Pascal' includ-
ing projects aod homework exercises

. Development of extcnsive laboratory activities used within closed lab sctting

. Developmcnt of a web-based textbook for refcrence to Pascal featwes

May,1997
- May, 1998

. Adapt course to combined clas$oomnaboratory including short modules for
lab activities

. Convert language used in course from Pascat to Java

. All course material placed on web and accessible both in and out of class

. All work in class done cooperatively

After May,
1998

tunded by
proposed
project

. Full intc$ation of text matcriat with lab/lecurre matedd in IntEgrated IJam-
ing Envirotrment

. Submission and evaluation of work using Annotation Engine

. Use of Program Development Envirctrmelt within course rnaterials

. Online asscssment of student leardng and effectiveness of environment will

be inte$ated itrto the environment itself
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3.2.3 Use of Integrated karning Environment in Ottrer Courses

In order to evaluate the applicability of the Integrated l€aming Environment to other types

of courses, three courses in the Hope College curriculum will be used to further test this

envlronment.

Computer Science 225, Softwar€ D€sign and Implementation' is the CSI course

offered at Hope College. It introducos problem solving through the object-oriented model and the

C+t programming language. It is presently being adapted to the NSF lll-funded combircd

classroofiy'laboratory environment, mcets for five 5o-minutc pedods Pcr week and fully integrates

group knowledge acquisition (lecture and discussion) and group problem solving (laboratory

activities) in a unifled time and location. To examine the uscfulness of the Intcgrated lraming

Bnvironment in this course, we propose the devcloPment of 3 modules using the environment'

The irst module will be thc introduction of classes and the object-oriented model'

IntcgratedtextandanimationswillbeusedwherethcaDimationswillrepresentclassesby

co[tainers that show the value of the components of thc object Functions will be represented by a

contairrerforeachpa$neto!.whenobjectsarcdraggedintotheparafireterboxesofafunction

and the function's activatiol button is clicked, thc resutt obje{t appea$ to the right' A view of how

this animation might appear follows:
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A second module of Computer Scienca 225 that will be imPlemented using the iniegrated

environment will be the introduction of C++ language features such as assignments' conditionals'

and iterations, using the Program Development Environment adapted to the C++ language.

The third module implemented will be a module on recursion that will make use of

animations to illustrate the concePt of re4ursion. Activations of functions will appear in the

animation at each recursive call, showing code text and parameter values. The activation stack

will be animated.

Computer Science 283, Introduction io Computer Systerns, is a sophomore level

requirement for majors in Computer Scieoc! at Hope College. This course includes computer

organization, digitat logic, machirc architecture, and assembly language' We Propose the

development of materials in three areas of this course.

The flrst area is in computer organization and machillc architecturc' Here, sbrdents will

use simulations to experiment with architecture clnfiguration and organization' By using

simulation techniques and softwarc packages, shldent cxperiments will include ahering various

cache sizes, changing the speed of buscs, or altering the characteristics of instruction pipelines.

By gathering information arld tabulating results in class, students will pafiicipate in discussions

about the effects of architecture design.

Theseaoodarcaisindigitallogic.chipdesignsoftwareaodSimulaledalchitectureswill

stimulate class discussions about digital comPonents and logic circuits' Topics like circuit

reduction and signal propagatio[ will mrke much mofe sense when small experimental activities

are started in class-

The third area is assembly larlguage. The use of demonstrations and examples will
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improve student undemtanding and skills. Studens use both the SPARC architecture and the Java

Virtual Machine in class investigations, and participatiye activities within the Integrated barning

Environmedt can be more meaningful to students than reading a book.

A third courr whose adaptatioo to this environment will be examined in this project is a

new course at Hope college. It is a Computer science offering of the First Y€ar Seminar. The

First Year Seminar is a newly established goneral education requirement of every student at Hope

College and must be taken dudng the fust year of study. Fi6t Year Seminars will be offered with

a wide variety of topics, but all will require strdenta to:

. Explore an intellectually important topic with an instructor and with pcers.

. Investigate specific topics and wdte up their conclusions in an expository PaPer.

. Present ideas for discussion and critical reflection.

. wher€ appropriate, engage in problcm-solving in a small grouP context

. Lcam about the purposes of a librral afis cducation, including personal and intellectual
development as well as professional a$d carcer Praparation.

The Principal Investigator will offer a courss entitled'.culture and Cyberspaca" dudng the

1998-99 academic ycar. This will be a new offedry and it will be offered using tllo Integrated

L€aming Environment The tentativo oudine of the couse is as follows;

Culture and Cyberspace
l. Defrnition atrd history ofculture
2. Impact of technology on cultur€6 of the past
3. Impact of technology on pr€€ent cultues
4. Impact of technology on future cultures
5. The concapt of cyberculture
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The Intogated Irarnilg Envirooment will be used in this course in the following ways:

- Topics will be introduced through the "textbook" environment with full use of hyperlinks

and the Annotation Engine.

.studentswillsetupamongthemselvesexperimental..societiej 'onthewebwithinthe
class environment and observe and analyze the rosults'

.studentswillberequiredtodeveloptheirownmodulesforthiscourseandplacethem
within the couise "textbook" in the web environment'

3.2.4 Expectcat Impact on Women and Persons with Disabilities

The investigators expe4t that the results of this Project wiu encourage morc women to

becomg computer science major8. Thc emphasis on collaborative, cooperative leaming should

make the course more fcnale-friendly.U4l Also, shrdies have shown that women tend to be less

aggressive in clas$oom Participation. The intenction via the Annotation Engine through the

World Wide Web will eocourage more interaction with the insEuctor and other students'

Sinc€ two of the courses are goneral education, more women who do not sce thomselves as

potential crmputer scientists may be introduced to the field and consider computer scicncr as a

care€r. It has been our experience that as the amount of coopcrative work in computcr science

general cducation offerings inqsases, more women continue from gcnoral education to computer

science courses. We expe.ct that the present project will have an even gealer impact on this tend'

The results of this project should make computer science sbtdy sigdficanuy more

accessible to students wittr disabilities. The integrated environrnent will make full padicipation in

the class less dopeldent on location and time and will permit interaction wilh instructot and

classmates from vifiually any location, greatly benefrting shrdents with disabilities that limit their

mobility and helc€ their physical access to other participants in the class' In addition' students

with communicatior limitations will more fully participate through sPerially adaPted stations'
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3.3 Experience and Capabilities of the PIs

The investigators have many signincant related experiences and accomplishments to bring

to this project. In addition, Mr. Ryan McFall will be employed as a project assistant to participate

in the development of (he technology ard pedagogy. Mr. McFall has been both a strdent and a

colleague of all three of the investigators. His Cuniculum Vitae is found in the appendix. McFall

is a member of the design team fo. a new general cducation ComPuter Scienc€ course at Michigan

State University that features cooperativg, interactivc lcarning.

The assignments of the investigators atrd the proje{t assistant will be as follows:

Project Component Responsible Investigator(s)

The proposed Project makes use of the wob to inte$ate leaming that occurs in the

classroom, the labomtoi, and the textbook The investigators have prepared for this Project

through a variety of professional experiences that have direcdy effected each of these four

componentsaswellasmanyoftheiDterfacrsbetwe'nthem.Alloftheexperiencesdescribed

below have occurred in the past frve years.

Intogratcd Environment
. Program Dsvslopmgnt Environmgnt
. Annotation Engine

Jipping and McFaU

General Education Course - Crmputer Scienc!
through Computer CraPhics

Course Dcsign: Stegink
Web-based Course Materials; Dershem

CSI Course - Softwarc Design & Implernenta-
tlon

Dershem and Stegink

Computer Architecture Course - Introduction to
Computer Systems

Jipping

Fi$t Year Semioar - Cd0rre and Cyberspace Dershem
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Through work on a DARPA grant, investigator Dershem has developed algonthm animation

facilities that ar€ presently being converted to the web. [12] These arld other animations will

be embedded within the web-based material that will be develoPed during this project'

Investigator Jipping has developed web-based, interactive laboratories for Operating Systems

and Networking classes with suPPort ftom NSF ILI grant DUE-9550902 [13] These

laboratories integcate individual and group problem-solving alld give Jipping experience in

the develoDment of web-based, interactive, grouP laboratories'

Investigator Stegink was a participaot in the NSF/CLUB project (NSF grant USE-9 I 50562) for

the development of Computer Science laboratory matcrials, where he deYoloped an extensive

set of graphics-based laboratories for 8n introductory Computsr Science' These laboratories

form a coro of the lab experienccs included in the gcneral education course'

All 3 investigators arc dcveloping a combined classroor laboratory environment (NSF ILI grant

DUF9650129) that facilitates the seamless movement betwe€n lechlto and laboratory work

and eliminates tho chronological and physical soparation of thesc two modcs of leaming'

The three investiSators have a combined total of 53 ycars of computer science teaching

experience at Hopc College.

Investigator Slogink ,nd Project assistant McFall have develop€d web-based text materials for

the course that is the Prcdecessor of the proposed gercral education cou$o'U U This work

has provided valuablc exPrience in the use of thc web for the Prcsentation of text.

Investigators Dersbem and Jipping have wdtto[ an undergraduate programming languago

textbook[ 10] that has now apPeared in two editions'
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Time
Period
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Activity Personnel NsF
Assigned Funded?

Summer

t997

Initial development of Integrated L€aming Environ-
ment including Annotation Engine and Program
DeveloDment Environment.

Jipping
McFall No

Initial development of geneml education course mate-
rials integrating classroom presentation and lab
activities. Presentation of laboratories alld home-
works in the Integraled lrarning Environmenl

Stegink
Dershem No

Acad Yr

r997-1998

Refinement of the Integrated Iraming Environment
based on usage in all Hope College computer sci-
ence classes.

Jipping No

Initial offering of the general education course using
materials developed the previous summer.

Stegink No

Summer

1998

Enhalcement and further development of Integrated
lramins Environment.

Jipping
McFalt Yes

Preparation of the fully integrabd version of thc gen-
eral education course, particulady the pFparation
of the textbook material and the integntion of text
with the other comDonents.

Stegink
Dershem Yes

Design of modules for Computer Architecture Course Jipping Ycs

Design of modules for First Year Seminar. Dershem Yes

Acad Yr

1998-1999

Offering of general education course using fully inte-
srated materials.

Stegink No

Modules using Integraied IJaroing Environment
tested iu First Year Seminar (Fall Semester)

Dershem (half-
time release)

No

Modules using ILE tested in Computor Architecture
course (Spring Semester)

Jipping (half-time
release) No

Workshop presented at SIGCSE Symposium to
present Integrated ljarning Environment ard
general education course. This workshop will be
used to recruit volunteer testers

Dershem
Jipping
Stegink
McFall

No
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Time
Period

ActiYity
Personnel
Assigned

NSF
Funded?

Summer

1999

Final revisions to Integrated IJaming Envlronment
and preparation for dissemination

Jipping
McFall Yes

Final revision of general education course materials
and presentation to publishe(s).

Stegink
Dershem

Yes

Design of modules for CS I course. Preparation of
paper on First Year Seminar.

Dershem Yes

Revision of Computer Architecturc modules Jipping Yes

Acad Yr

1999-2000

External testing of Integated lJaming Environment
and general education course matgrials by volun-
teer testers at othgr institutions

Dershem No

Modules using Integrated lraming Environment
tested in CS I couGe (both semesters)

Dershem (half-
time release Fall)
Stegink (half-time

release Spring)

No

Revised modules tested in Computcr Arhitecture
course

Jipping No

Presentation of paper on First Ygar Seminar Dershem No

Summer

2000

Final revisions of general education "textbook" for
publisher

Stegink
Dershem Yes

Preparation of publications and disscmination infor-
mation on ComDuter Architecturc course

Jipping Yes

Preparation of publications and dissomimtion materi-
als for CSl course

Dershem Yes

Preparation of f,nal report for project and publications
on Inte$ated Learning E[vircnment and nnal
revisions based on extemal testing

Dershem
Jipping

Yes
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3.5 Facilities Available for Realizing Project's Objectives

The main facility related to this project is the Computer Science Department combination

classroom and laboratory, called the clabroom. This room was developed with funding from an

NSF ILI grant. It contains twelve Sun Ultra-l workstations in a classroom setting. These stations

are all part of the computer science department's network of 35 Sparcstations. This room also

contains big-screen projection facilities with the ability to project any station's screen at a given

tlme.

In addition, the department has an instructional laboratory that contains 9 Sparcstations.

This will be used for out-of-class access to the Sun netwotk. Since access to the network is

possible through the World Wide Web, any of the over 200 general use computer stations on

campus could be used by students to access the maticrials we will develop in this project. These

include a mixture of Intel-based machines, Macintoshes, Derstations, and Sparcstations. These

are located in classroom buildings, residence halls, the library, and in laboratories. At the present

time one-half of all domitory rooms on campus are wired with in ethomet connections. In the

summer of 1998 another quarter of the campus rooms will b€ wircd and by the end of the summer

of 1999, all rcoms on campus will be wired with ethernet, This will allow all students living on

camDus to have access from their rooms.
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4.0 Evaluation
4.1 EvaluationActivities

A. Pre and post test of student group problem solving - Professor Green, Director of

the Hope College Carl Frost Center for Social Science Research, will conduct a p.e-test

and post-test of the students enrolled in the general education course. The purpose will

bg to measure the improvement in group problem solving skills during the students'

enrollment in this course. These tests will be based on prcvious work that Professor

Green has done in comparative testing of group problem solving.

B. Focus Groups - Focus groups dosigned and conducted by Professor Green will assess

the offectiveness and usefulness of tho Integrated l,eaming Environment, active./

collaborative leaming, instructor-studgnt interaction, and interest in futurc computer

science study. These focus groups will be conducted in each of four semesters of the

1998-99 and 1999-00 academic years.

C. External r€views - Threr extemal reviewers will be used to reYiew the material

developed for all of the cours€s. Sinc€ the materials will all be web-based, the

reviewers will be able to review from a remote location and submit written reviews to

the iovestigators. Review of the general education rnaterials will be conducted during

the summer of 1999 and review of the modules developed for the other three couses

will occul dlring the summer of 2000,

D, Stud€nt evalu.tive comments - Pad of the re4uired responses ftom students will be

evaluative comments on the effectiveness of the material they are using. Such
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opportunities will be embedded periodically within the web-based material and

responses from students will be analyzed and used to determine revisions.

E. Usage data generated by the environment - The environment will automatically

record usage data, such as the number of times each student accesses each page. Such

data will be collected for each student enrolled ard by date.

F Demographic and enrollme[t data - Data will be kept on students enrolled in each

course, recording dgmographics about the students and courses for which they enroll

after the observed course. This data will also be examined and analyzed by gender.

G. Reports from volunt€er t€ste$ - Volunteer testeG ftom other institutions will be

asked to submit a report on their experience with the Integrated L€arning Environment

and the course materials. These volunteers will be recruited at a SICSE 1999

symposium workshop.

The above activities are associated with the objectives of the ploject as indicated below:

Project Component Objective Activities

Qualifi cations of Evaluators

The following three individuals have agre€d to serve as extemal reviewers for this project.

. Charles Kelemen, Professor of Computer Science, Swarthmorc College. Professor
Kelemen is all acknowledged expert in computer science general education. He was a

4.2

Integrated Leaming Bnvi-
ronmeD[

I . I Integrate four modes of learning B D E

I .2 Transportable C G

General Educatiol Course 2. I Improved problem solving A C

2.2 Increased understanding of and interest in
comDutgr science

B C D F
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contributor on this subject to the Strategic Directions in Computing Research project of
ACM Computing surveys. [6]

. Professor Ted Sjoerdsm4 Professor Emeritus of computer science, lryashington & Lee
University. Professor Sjoerdsma is nationally recognized as a leader in computer science
education, a CSAB evaluator, and a formsr NSF program ofncer.

. Professor Lynn Zieglet Professor of Computer Science at the College of Saint Benedict/
St. John's University, is a leader in coopeative learning in computer science.

The Carl Frost Center for Social Science Research is an interdisciplinary and cooperative

endeavor of the students and faculty of the social sciences division of Hope College. Ifs purpose

is to foster collaborative studenFfaculty research in social science alrd promote the

interdisciplinary study of organizational development and well-being,They offer financial and

methodological support to a wide variety of student-faculty research projects. They have human

resourccs in 0le form of highly-nained faculty ad bright, motivated students. They also have

access to a wide array of computer hardwarc and software, a system for generating survey sheets

that can be scored by an optical scanner, and other plated facilities.

The professional staff includes Charles W. Green, Director and Associate Professor of

Psychology at Hope College. He re-ceived his Ph.D. in Social Psychology from the University of

Florida in 1983 and has taught at Hope College for thtt€en years. His resea.rch interests include

race/ethnic relations alrd the academic and social development of college students. He became

director of the Frcst Center in 1992 and has supervised numerous Esearch Projects with

governmental, non-profit and corporate organizations. Batbara J. NePer has been Reseaich

Associate at the Frost Center since Augqst, 1995. She comPleted her M.S. in EducatioDal

Psychology at the University of Wisconsin-Milwaukee in 1994. she has expedenc€ in the f,elds of

community, medical, and educational research. She is knowledgeable in survey design, sampling,

focus group moderation, and data collection and amlysis.
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5.0 Dissemination of Results

The WeFbased course materials developed for the CSCI 120 coune will be presented to

commercial publishers to solicit their interest in commercially publishing these materials.

The software supporting the integratcd environment will be made freety available on the

Iyorld Wide Web. Also, a web-based manual will be made available to assist others in

constructing courseware within this environment. The availability of these materials will be listed

in appropriate directories on the web.

The investigators have contactrd thre€ publishers about their interest in publishing the

CSCI 120 course materials for commercial distribution. All three have indicated a strons interest

in participating in this project.

Project Component Dissemination plan

Integrated Course
Environment

. A wo.kshop will be proposed for the 1999 SIGCSE Symposium to
present the ILE and recruit extemal testers for it.

. A paper doscribing this environmont will bo submitted for Dublication
and presentation at the SICCSE Technical Syrnposium orio a Confer-
ence of the Small College Computing Consortium.

. Environment will be demonstrated and distributed oo the World Wide
Web

General Education
course material

. The 1999 SIGCSE Symposium workshop will include information
about thgse materials and recruit extemal testerc for it.

. Efforts will be made to make the course material commercially avail-
able through a publisher.

. A demonstration of the material will be placed on ths World Wide
Web.

. A paper describing this course will be submitted for publication and
presentation to SIGCSE or SCCC.

Other course
modules

. A demonstration of the material will be plac€d on the World Wide Web
with download capabilities included.

. Paprs describing the modules developed in these courses will be sub-
mitted for publication and presentation to SIGCSB or SCCC.
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