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Project Summary

The present approach to Computer Science learning provides very different environments
for each of four learning modes. These four modes are characterized by the classroom, the
laboratory, the textbook, and individual problem solving in homework or examinations. The
separation of these environments prevents students from making useful connections between the
learning that occurs in the four different modes.

This project will develop an Integrated Learning Environment that will encompass all four
modes of learning. This environment will be web-based and provide features for effective teacher-
student and machine-student interaction. It will also support integrated animation and the
compilation and testing of sample code.

A course that introduces computer science through graphics to general education students
will be designed and implemented completely within this Integrated Learning Environment. This
course will provide an effective introduction to problem solving and the discipline of computer
science to undergraduate students in the setting of graphics and the Java programming language.
The environment will also be applied to portions of two lower-level core Computer Science
courses and a non-technical First Year Seminar course on cyberculture.

The Integrated Learning Environment and the course materials will be disseminated
through professional papers, presentations, and workshops and distributed via the World Wide
Web. The full materials 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 from 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-9200118 Amount of Award $86,550
Support Period April 1, 1992 until September 30, 1995

Title: REU: An Undergraduate Research Participation Program in Computer Science
P.I. Herbert L. Dershem

Grant Number DUE-9550902 Amount of Award $52,601

Support Period ~ June 1, 1995 until May 31, 1998

Title: A Laboratory for Experimenting with Operating Systems and Networking Concepts
P.I Michael J. Jipping

Grant Number CDA-9423923 Amount of Award $114,393
Support Period ~ March 1, 1995 to February 28, 1998

Title: REU: An Undergraduate Research Participation Program in Computer Science
Pl Herbert L. Dershem

Grant Number DUE-9650129 Amount of Award $46,356

Support Period ~ June 15, 1996 until May 31, 1998

Title: An Integrated Classroom/Laboratory for Introducing Students to Object-Oriented Con-
cepts

PI  Michael J. Jipping/Herbert L. Dershem/Gordon A. Stegink

The two REU grants have supported undergraduate research within the department during
the summers of 1992-1997. In these summers, 45 students have participated in 22 different
research projects. Fourteen of our past participants have attended graduate school. Eighteen
papers and presentations have been wﬁtten or co-written by participants in this program. A
bibliography follows.

The first ILI grant was to support the development of web-based, interactive laboratories

in support of courses in Operating Systems and Computer Networks. In the two years of this
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Course and Curriculum Development Proposal Hope College Computer Science

project, the laboratory experiences developed under this grant were positively received by

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

enhanced.

The second ILI grant, which is still in progress, supports the establishment of a
combination classroom and laboratory environment to support the seamless integration of large
group (classroom) and small group (laboratory) learning. The equipment purchased with this
grant is presently being used in all Hope 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 the Computer to Visualize and Simulate Abstract Models of Computation. Pew
Midstates Consortium Undergraduate Research Symposium. Grinnell, IA., October

Shu, M. 1992. An Object-Oriented Application/Programmer Interface. Pew Midstates Consortium
Undergraduate Research Symposium. Grinnell, IA.

Matthews*, E. and M. Shield*. 1992. Photosynthesis: An Object-Oriented Test Bed for Parallel Ray
Tracing. Argonne Symposium on Undergraduate Research. Argonne, IL.

Howell, I., R. Wohlfarth, and M. Shu. “An Object-Oriented Application/Programmer Interface for
Network Programming,” Proceedings of the 1993 Symposium on Applied Computing, 1993.

Engel, G., H. Dershem, R. McFall, A. Lopez, and S. Wiltz. 1993. Research Experience for Undergraduates
Panel. SIGCSE Technical Symposium on Computer Science Education. Indianapolis, IN.

Nelson, R. and B. Showers. 1993. The Genetic Algorithm Parallel Programming Project. Pew Midstates
Consortium Undergraduate Research Symposium. Chicago, IL.

Barth, W. and C. Bowsher. 1993. AdaVision and THREADS: Algorithm Animations and Experimental
Laboratories for Teaching a Data Structures Course in Ada. Argonne Symposium for Undergraduate Research.
Argonne, IL.

Dershem, H. 1993. Algorithm Animation for Data Structures. United States Air Force Academy Computer
Science Colloquium. USAF Academy, CO.

Jipping, M., S. Hallyn, M Crider, N. Rahn, and J. Beard. 1993. An Empirical Case Study of Software
Integration Techniques. NASA Langley Space Flight Center Symposium. Langley, VA.

McFall, R. and H. Dershem. “Finite State Machine Simulation in an Introductory Lab,” SIGCSE Bulletin,
26,1 (1994), pp. 126-130.

Dershem, H., C. Bowsher, D. Brown. 1994. AdaVision and THREADS: Algorithm Animations and
Experimental Laboratories for Teaching a Data Structures Course in Ada. Argonne Symposium for Undergraduate
Research. Argonne, IL.

Jipping, M. 1996. New Perspectives on Laboratories for Upper Level Classes. Poster at SIGCSE Technical
Symposium on Computer Science Education. Philadelphia, PA.

Dershem, H.L., W. Barth, C. Bowsher, and D. Brown, “Data Structures with Ada Packages, Laboratories,
and Animations,” Proceedings of the First Australasian Computer Science Education Conference, (July, 1996).

McFall, Ryan and Stegink, Gordon, “Introductory Computer Science for General Education: Laboratories,
Textbooks, and the Internet,” SIGCSE Bulletin, Mar. 1997, Vol. 29, no. 1, pp- 96-100.
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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 Science education is the separation
of learning into four different environments associated with four different modes of learning. We

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

Group Individual

Knowledge | classroom/ Library/
Acquisition Lecture Textbook

Laboratory/ Laboratory/
Problem Closed Lab Open Lab
Solving

Classroom/ Classroom/

Group work Examination

Here learning is classified by whether it is in a group or individual and whether the primary mode
of learning is knowledge acquisition or problem solving. Typical locations and vehicles for each
of the four learning paradigms is found in the figure. In addition, the fact that the four boxes above
are distanced from each other illustrates the fact that these four are typically separated from each
other both physically and chronologically.

This separation often negatively affects students who generally have a difficult time
connecting the learning that takes place in one mode to that which occurs in another. For example,
we have found that our students have all but abandoned the use of their textbooks. They fail to

make a connection between the learning that takes place by reading a textbook to that 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 our experience, this is difficult
because of the chronological separation between the two. A topic discussed in the classroom on
Friday may not be reinforced in the laboratory setting until the following Thursday. This and the
fact that the classroom and the laboratory are very different settings make the connection between

the two learning situations more difficult.
Allen Tucker in his recent position paper made the following observations:

Specific issues that need to be addressed by the teaching faculties of colleges and
universities are the following:

« The large lecture class is still the dominant model for teaching, amidst 2
preponderance of evidence that students do their best learning in individual and small
group settings.

« Textbooks as a medium are often unhelpful, overpriced, and unattractive to students
(and faculty), who increasingly prefer alternative styles of teaching and learning.

« Labs above the introductory level are usually unstructured, and lab assignments and
methods are too often haphazardly designed and executed.

« Most teaching methods and learning materials are strongly biased toward a male,
individual, isolated work ethic. Lectures, texts and lab assignments favor the learning
styles that are dominant within this narrow group. 1]

Tucker observes that learning in three of the four modes from our classification are in need
of serious attention to improve computer science education. We believe this improvement can be
made through an integration of the environments of the four modes into a single environment that
will encourage structured, active, and cooperative learning. This will lead toward what Guzdial
and Soloway have referred to as the “24 Hour Classroom” [2] where learning opportunities are

available at all times in a variety of modes and locations.
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Statement of Problem

I. The present approach to Computer Science learning provides very different
environments for each of the four modes of learning. The four are widely separated both
chronologically and physically. This separation frequently prevents students from making useful
connections of learning across environments.

We propose to address this problem through the design and implementation of an
Integrated Learning Environment. This environment will be developed in the context of the
World Wide Web and support all learning activities of the course including activities normally
associated with lecture, discussion, closed laboratories, open laboratories, textbook, homework,
and examinations. It will be accessible from a wide variety of locations and platforms.

2. Computer Science general education courses fail to hone student skills in problem
solving, abstraction, critical thinking, and clear communication of ideas and fail to educate the
public about the discipline of computer science. [3]

The present project proposes to address this problem through the development of a general
education course that is based on computer graphics and focuses on the development of problem
solving skills in that context. Furthermore, this course will attempt to expose students to the
nature of the discipline of computer science.

Several projects at other institutions address these or related problems. For example, the
Classroom 2000 project at Georgia Tech[4] is developing an environment that will permit
electronic presentations and note taking. This project focuses on student learning through
electronic interaction with course materials. It does not duplicate the environment we propose as

it focuses on providing tools for electronic presentations and notetaking. The results of the
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Classroom 2000 project will be useful in extending the project proposed here to utilize these
classroom capabilities.

Project CaMILE[5], also at Georgia Tech, is producing 2 tool that will enhance
collaborative learning through electronic communication. It is somewhat similar to the
Annotation Engine within our Integrated Learning Environment but does not include the feature
of connecting the communication directly with course content.

CAT[6] is a project which focuses on web-based algorithm animation, and rather than
duplicating the proposed project, also supplements it. The algorithm animations 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 animation projects for
animations that can be embedded within course materials of the Integrated Learning Environment
and tools that can be used to produce such animations.

Finally, the Michigan State University CPS 101 project is developing a web-based,
regulated mastery model, general education course. The course being developed there, Computing
Concepts and Competencies, is quite different from the general education course that we are
developing. The Michigan State course focuses on computer literacy. and computer applications
whereas our general education course is intended to address problem solving and the discipline of
computer science. Furthermore, the Michigan State course only addresses learning through
problem solving and does not integrate the knowledge acquisition components. Ryan McFall,

who is a project assistant for the proposed project, is a member of the design team for the

Michigan 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 primary focus of the activities.

« Computer science learning is not sufficiently active and collaborative.[7] While studies
indicate that active and collaborative learning is more effective than learning that is
passive and non-interactive, much of computer science is still taught using the

conventional lecture/textbook approach.

- Computer Science classes are often unfriendly to women and those with disabilities.
[8,9] Ample evidence for this is found in the small number of women and students with
disabilities enrolled in Computer Science courses. This national problem is exhibited at
Hope College as well. Whereas 59% of Hope'’s total enrollment is female, only 38% of
the enrollment in the Computer Science General Education Course is female and less

than 10% of Computer Science majors are female.

« Assessment of Computer Science learning is inadequate. In a discipline where testing
and verification are important issues for scientific study, little has been done to apply

scientific techniques to the assessment of the learning process.
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3.0 Proposed Project

3.1

Goals and Objectives of the Project

1. Integrated Learning Environment

1.1. The Integrated Learning Environment will enhance the ability of students to
integrate their learning among the four modes in the context of the general education
course in computer graphics. This environment will include text material, lecture
support material, student laboratory activities, and individual problem solving activities
integrated into a single package that can be accessed through the World Wide Web. It will
be tested by completely implementing the general education course, Introduction to
Computer Science through Graphics, within this environment.

1.2. The Integrated Learning Environment will be transportable to other courses and
other institutional environmeﬁts. The transportability of the environment to other
courses will be established by implementing selected modules in an introductory
computer science course, a core computer organization and architecture course, and a non-
technical First Year Seminar course. Transportability to other institutions will be
examined by establishing test sites at other schools for the general education computer
graphics course and for development of new curricular materials using the Integrated

Learning Environment.

2. General Education Course, Introduction to Computer Science through Graphics

2.1. Students completing the general education computer graphics course will exhibit
improved problem solving ability. The students will better meet the course objectives of

the general education course through the use of the environment to integrate 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 and improves student
problem solving skills[l_l] and the implementation of the course in the integrated
environment will result in further improvement through better connections between the
four modes of learning.

2.2. Students completing the general education computer graphics course will be able
to demonstrate an understanding of the nature of computer science as a discipline
and show an increased interest in pursuing further study of the field. The general
education course will promote better student understanding of the field of computer
science by allowing students to participate in the fundamental process of computer
science, problem solving, in a context (graphics) that is intuitive and enjoyable. The
environment will provide the opportunity to include links that will expose the students to
the ideas and experiences from many areas of computer science, and stimulate student

interest in further study.
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3.2 Procedures and Methods

3.2.1 The Integrated Learning Environment
A key component in this project is the development of an environment that will integrate
the four learning 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 links to related material, both within and outside of the local site.
« Access to multimedia capabilities including graphics, sound, and video.

« Platform independence permitting access from a variety of locations including the
classroom, campus computer labs, dormitory rooms, and remote locations.

In addition, we will develop several enhancements to the web environment. The first of
these is a Program Development Environment. This environment will provide a window within
the web page that will permit the student 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 and the program will be compiled, with compiler messages presented in a separate
window. If the compile is successful, the program will be run with the resulting output also
appearing in a separate window. Although the original implementation of this environment will be
in support of the programming language Java, we plan to extend this to make it as language
independent as possible. A possible view of the Program Development Environment is found in
Appendix 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 students and the instructor

and between the student and herself. This tool will permit the learner, when working with each
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page of the course materials, to make an annotation on that page. When the annotation is made, it
can be directed to one of two destinations: the instructor or the learner. If the annotation is
directed to the instructor, 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 herself, the annotation
will appear on the learner’s annotation window the next time she views that page. Annotations for
a page appear as an icon which indicates whether the annotation text is empty or not. Clicking on
the icon results in the annotation window for that page appearing. Any user may then read the text
in her personal annotation window, edit it in_ any way, and perhaps delete it.

The Annotation Engine will have many uses within the class related to each of the four
modes of learning. Annotations by the instructor directed at the students allow the instructor to
provide special instructions or explanatory information. Student annotations to the instructor can
be used to raise questions or present solutions to exercises. Student annotations to themselves will
permit the students to take margin notes or place special reminders.

An example of a prototypical view of the Annotation Engine is given below, where the

right-hand screen shows what might appear if the annotation icon is clicked in the left screen:

A Possible Way of Doing “Automatic” Database Design

TelgeGausans s b i M gt gkt b Mo e bt ettt ety by i - gt s
by ; propecies, sad the relstionehipr % lifies.
The test fom il aih 1 defciiions of functioad depmadencies end visk i  relati 1. Detemmine o set of Funchion Dependencies Ul should hold for the data in this delabase Lo be semantically
ooty RO T Y ir P i paticelad thet no «ffort need be made by the designer to come up with « minimal set of this point.
e Datsins o eaubrelent kradocble (micimsh sot of Funciica Dipsadencis 1o the set
4 would they? After o, with ¢ cerain smorick
doesat K7,
tiogs riusde v o g ofthe d . iy
i the mare comphex tarks [y
e b ﬁwﬂ:‘heﬂl:clm;" : serieri g T : This method stlis not T —
werors (of course, f'ws give: - & 1 database designerin 1 can never be mads
‘modaled. This is why we say it reduuces the Belhood of emors) 1. 2 g 1 wond _‘lapl.:i_d:.-tnhb‘ly‘?n i‘)_"
Fiving s this, then, we g i ing daiabase devigs _ b stomalic? Ml heve 1o esk this in clese.
R The instructor seid we DO NOT have 1o know how o execate the
APM'QWI}O{DOM"MM”CM ¥ ulgoriihm in ¢lep 4 by hand. 10 just to let us cee how & computer
1 1 would doit.
% 1. Modethe d in the database y ing 4 E iR H & eseigr is to wils the progs
e eerarobmbere sl s

o et s

Page 11 of 28



Course and Curriculum Development Proposal Hope College 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 projects use
graphics objects. There is ample room for mathematical analysis, but students never 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 al gorithmic 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 are avoided. Instead projects require students to
make deliveries around a virtual town, design quilts, construct a college dance (different
groups of people do different actions), 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 groups. Groups often present 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 fifteen homework exercises which illustrate and implement
class material. They are all small programming problems, and all use graphics. Each student
produces her own solution, but collaboration with other students is important in the discovery

of key ideas.
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« Laboratories: Laboratory work is distributed throughout the course in short modules. There
will be approximately 50 such modules, with at least one used during each class meeting.
Some of the modules deal with aspects of learning the programming language, and others
with general computer science topics appropriate to the course: simulation; cellular automata;
software testing; and fractals. All of the modules require team effort. Rather than isolating the
laboratories in a single time period during the week, they will be embedded within the course
at various points. Examples of two laboratories are found in Appendix B.

Outline of the course
1. Introduction: Course goals, Java, and the environment
2. Move/Draw graphics: lines, circles, rectangles, ovals, pixel coordinates and dimension
3. Repetition: for loops, variables, functions, random numbers
4. Motion: animation, color, operators, data types
5. Conditionals: if, nested loops, DeMorgan’s Laws, fill, circular functions, if structures,
distance, abs

6. /O and Text: Event loops, strings, conditional loops, simulation, optimization loops
7. Arrays: operations on arrays, parallel arrays, indirect addressing, cellular automata
8. Algorithms: Shuffling, sorting, searching, recursion, fractals

Use of Ihtegrated Learning Environment
An objective of this project is to implement this course within the previously described

Integrated Learning Environment to strengthen the connections between the four modes of

learning. Features of the Integrated Learning Environment in this course are presented here.

Classroom presentations and demonstrations will be placed within the context of the
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Integrated Learning 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 during other modes of learning.

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 classroom/laboratory and this in-class environment will permit
seamless integration of presentation and lab activities. It is anticipated that the instructor will
never present for more than 7 minutes before some kind of lab activity will occur. The Program
Development Environment will be used heavily in labs. Typically code to be modified or skeletal
code will be provided for students to modify or complete in the lab setting. Teams will present
their solutions to the entire class through big-screen projection in the classroom, through web
page links, or through instructor-distributed annotations. Homework, text, lectures, and exams
will be linked within the environment to laboratory activities.

The text material for this course will be written as a part of this project and become a part
of the Integrated Learning Environment. This text will include links to laboratories, homeworks,
and classroom presentation materials. It will also utilize the Program Development Environment
for demonstration and practice, the Annotation Engine for personal and instructor annotations,
and links to various animations and external sources such as language reference material or
tutorials. Stegink and McFall have previously implemented part of the language reference
material for this course on the web. See Appendix C for a sample page.

Homework exercises will be intended for individual problem solving 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 Learning Environment, again with
appropriate links. Policies and formats for exams have not yet been determined, but various
alternatives will be explored during the course of this project.

Course assessment information will also be obtained through the Integrated Learning
Environment. Each web page will contain a field that will identify the course objective that is
being addressed by that page. In this way, coverage of all objectives will be verified, while both
student and instructor can focus on the objective being addressed by every learning activity. As
student mastery is assessed, a record will be kept by objective so that an overall assessment of
each objective will be available. In addition, assessment data will be collected by measuring the
activity on each web page by student and by date, and students will be asked to provide
assessment information at various points in the course via annotation submission or email.

Overview of General Education Course Development

« Design of graphics-based general education course using Turbo Pascal, includ-
Prior to ing projects and homework exercises

May, 1997 |  Development of extensive laboratory activities used within closed lab setting

« Development of a web-based textbook for reference to Pascal features

« Adapt course to combined classroom/laboratory including short modules for
May, 1997 lab activities .
- May, 1998 * Convert languagc? used in course from Pascal to Java '
1 « All course material placed on web and accessible both in and out of class
« All work in class done cooperatively

After May * Full integ.ration of text material with lab/lecture material in Integrated Learn-
1998 1 ing En\flronment _
funded by » Submission and evaluation of work using Annotation Engine
« Use of Program Development Environment within course materials
« On-line assessment of student learning and effectiveness of environment will
be integrated into the environment itself

proposed
project
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3.2.3 Use of Integrated Learning Environment in Other Courses

In order to evaluate the applicability of the Integrated Learning Environment to other types
of courses, three courses in the Hope College curriculum will be used to further test this
environment.

Computer Science 225, Software Design and Implementation, is the CS1 course
offered at Hope College. It introduces problem solving through the object-oriented model and the
C++ programming language. It is presently being adapted to the NSF ILI-funded combined
classroom/laboratory environment, meets for five 50-minute periods per week and fully integrates
group knowledge acquisition (lecture and discussion) and group problem solving (laboratory
activities) in a unified time and location. To examine the usefulness of the Integrated Learning
Environment in this course, we propose the development of 3 modules using the environment.

The first module will be the introduction of classes and the object-oriented model.
Integrated text and animations will be used where the animations will represent classes by
containers that show the value of the components of the object. Functions will be represented by a
container for each parameter. When objects are dragged into the parameter boxes of a function
and the function’s activation button is clicked, the result object appears to the right. A view of how

this animation might appear follows:
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A second module of Computer Science 225 that will be implemented using the integrated
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 recursion. 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 to Computer Systems, is a sophomore level
requirement for majors in Computer Science at Hope College. This course includes computer
organization, digital logic, machine architecture, and assembly language. We propose the
development of materials in three areas of this course.

The first area is in computer organization and machine architecture. Here, students will
use simulations to experiment with architecture configuration and organization. By using
simulation techniques and software packages, student experiments will include altering various
cache sizes, changing the speed of buses, or altering the characteristics of instruction pipelines.
By gathering information and tabulating results in class, students will participate in discussions
about the effects of architecture design.

The second area is in digital logic. Chip design softwarc and simulated architectures will
stimulate class discussions about digital components and logic circuits. Topics like circuit
reduction and signal propagation will make much more sense when small experimental activities
are started in class.

The third area is assembly language. The use of demonstrations and examples will
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improve student understanding and skills. Students use both the SPARC architecture and the Java
Virtual Machine in class investigations, and participative activities within the Integrated Learning
Environment can be more meaningful to students than reading a book.

A third course whose adaptation 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 Year Seminar. The
First Year Seminar is a newly established general education requirement of every student at Hope
College and must be taken during the first year of study. First Year Seminars will be offered with

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

» Explore an intellectually important topic with an instructor and with peers.

« Investigate specific topics and write up their conclusions in an expository paper.
* Present ideas for discussion and critical reflection.

« Where appropriate, engage in problem-solving in a small group context.

« Learn about the purposes of a liberal arts education, including personal and intellectual
development as well as professional and career preparation.

The Principal Investigator will offer a course entitled “Culture and Cyberspace” during the
1998-99 academic year. This will be a new offering and it will be offered using the Integrated
Learning Environment The tentative outline of the course is as follows:

Culture and Cyberspace
1. Definition and history of culture
2. Impact of technology on cultures of the past
3. Impact of technology on present cultures

4. Impact of technology on future cultures
5. The concept of cyberculture
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The Integrated Learning Environment 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.

« Students will set up among themselves experimental “societies” on the web within the
class environment and observe and analyze the results.

- Students will be required to develop their own modules for this course and place them
within the course “textbook” in the web environment.

3.2.4 Expected Impact on Women and Persons with Disabilities

The investigators expect that the results of this project will encourage more women (o
become computer science majors. The emphasis on collaborative, cooperative learning should
make the course more female-friendly.[14] Also, studies have shown that women tend to be less
aggressive in classroom participation. The interaction via the Annotation Engine through the
World Wide Web will encourage more interaction with the instructor and other students.

Since two of the courses are general education, more women who do not see themselves as
potential computer scientists may be introduced to the field and consider computer science as a
career. It has been our experience that as the amount of cooperative work in computer science
general education offerings increases, more women continue from general education to computer
science courses. We expect that the present project will have an even greater impact on this trend.

The results of this project should make computer science study significantly more
accessible to students with disabilities. The integrated environment will make full participation in
the class less dependent on location and time and will permit interaction with instructor and
classmates from virtually any location, greatly benefiting students with disabilities that limit their
mobility and hence their physical access to other participants in the class. In addition, students

with communication limitations will more fully participate through specially adapted stations.
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3.3 Experience and Capabilities of the Pls

The investigators have many significant 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 the technology and pedagogy. Mr. McFall has been both a student and a
colleague of all three of the investigators. His Curriculum Vitae is found in the appendix. McFall
is a member of the design team for a new general education Computer Science course at Michigan
State University that features cooperative, interactive learning.

The assignments of the investigators and the project assistant will be as follows:

Project Component Responsible Investigator(s)
Integrated Environment Jipping and McFall
* Program Development Environment
 Annotation Engine
General Education Course - Computer Science Course Design: Stegink
through Computer Graphics Web-based Course Materials: Dershem
CS1 Course - Software Design & Implementa- Dershem and Stegink
tion
Computer Architecture Course - Introduction to Jipping
Computer Systems
First Year Seminar - Culture and Cyberspace Dershem

The proposed project makes use of the web to integrate learning that occurs in the
classroom, the laborato‘f)‘r., and the textbook. The investigators have prepared for this project
through a variety of professional experiences that have directly effected each of these four
components as well as many of the interfaces between them. All of the experiences described

below have occurred in the past five years.
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Through work on a DARPA grant, investigator Dershem has developed algorithm animation

facilities that are presently being converted to the web. [12] These and other animations will

eb 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 from NSF ILI grant DUE-9550902.[13] These

laboratories integrate individual and group problem-solving and give Jipping experience in
the development of web-based, interactive, group laboratories.
Investigator Stegink was a participant in the NSF/CLUB project (NSF grant USE-9150562) for

ab the development of Computer Science laboratory materials, where he developed an extensive

set of graphics-based laboratories for an introductory Computer Science. These laboratories
form a core of the lab experiences included in the general education course.
All 3 investigators are developing a combined classroom/laboratory environment (NSF ILI grant
DUE-9650129) that facilitates the seamless movement between lecture and laboratory work
4

and eliminates the chronological and physical separation of these two modes of learning.
The three investigators have a combined total of 53 years of computer science teaching
Classtoom  experience at Hope College.

Investigator Stegink and project assistant McFall have developed web-based text materials for
the course that is the predecessor of the proposed general education course.[11] This work
has provided valuable experience in the use of the web for the presentation of text.

Investigators Dershem and Jipping have written an undergraduate programming language

Textbook textbook[10] that has now appeared in two editions.
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3.4 Time Table and Plan for Executing the Project

Time " Personnel NSF
Period Aotivity Assigned Funded?
Initial development of Integrated Learning Environ- o
: 5 : : Jipping
Summer ment including Annotation Engine and Program No
2 McFall
Development Environment.
Initial development of general education course mate-
1997 rials integrating classroom presentation and lab Stegink No
activities. Presentation of laboratories and home- Dershem
works in the Integrated Learning Environment.
Refinement of the Integrated Learning Environment
Acad Yr based on usage in all Hope College computer sci- Jipping No
ence classes.
Initial offering of the general education course using :
VRsaee materials developed the previous summer. Stepink e
Enhancement and further development of Integrated Jipping
Learning Environment. McFall L
Preparation of the fully integrated version of the gen-
S eral education course, particularly the preparation Stegink Yes
R of the textbook material and the integration of text Dershem
with the other components.
1998 Design of modules for Computer Architecture Course Jipping Yes
Design of modules for First Year Seminar. Dershem Yes
Offering of gener.al education course using fully inte- S tégink No
grated materials.
Modules using Integrated Learning Environment Dershem (half- N
Acad Yt tested in First Year Seminar (Fall Semester) time release) 9
Modules using ILE tested in Computer Architecture Jipping (half-time N
1998-1999 course (Spring Semester) release) 2
Workshop presented at SIGCSE Symposium to Dershem
present Integrated Learning Environment and Jipping N
general education course. This workshop will be Stegink »
used to recruit volunteer testers McFall
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Time

4o Personnel NSF
Period o Assigned Funded?
Final revisions to Integrated Learning Environment Jipping
and preparation for dissemination McFall Yes
Final revision of general education course materials Stegink
Summer and presentation to publisher(s). Dershem Yes
1999 Design of modgles for CS1 course. Preparation of Pl Yes
paper on First Year Seminar.
Revision of Computer Architecture modules Jipping Yes
External testing of Integrated Learning Environment
and general education course materials by volun- Dershem No
teer testers at other institutions
Dershem (half-
Modules using Integrated Learning Environment time release Fall)
Acad Yr tested in CS1 course (both semesters) Stegink (half-time No
release Spring)
1999-2000 Revised modules tested in Computer Architecture Tipping No
course
Presentation of paper on First Year Seminar Dershem No
Final revisions of general education “textbook” for Stegink
publisher i Yes
Su Preparation of publications and dissemination infor- G Yes
T mation on Computer Architecture course pping
2000 Preparation of publications and dissemination materi- Dershem Yes
als for CS1 course
Preparation of final report for project and publications Dershem
on Integrated Learning Environment and final Bistiag Yes

revisions based on external testing
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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-1 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
time.

In addition, the department has an instructional laboratory that contains 9 Sparcstations.
This will be used for out-of-class access to the Sun network. 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 materials we will develop in this project. These
include a mixture of Intel-based machines, Macintoshes, Decstations, and Sparcstations. These
are located in classroom buildings, residence halls, the library, and in laboratories. At the present
time one-half of all dormitory rooms on campus are wired with in ethernet connections. In the
summer of 1998 another quarter of the campus rooms will be wired and by the end of the summer
of 1999, all rooms on campus will be wired with ethernet. This will allow all students living on

campus to have access from their rooms.
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4.0 Evaluation

4.1

Evaluation Activities

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 pre-test
and post-test of the students enrolled in the general education course. The purpose will
be to measure the improvement in group problem solving skills during the students’
enrollment in this course. These tests will be based on previous work that Professor

Green has done in comparative testing of group problem solving.

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

the effectiveness and usefulness of the Integrated Learning Environment, active/
collaborative learning, instructor-student interaction, and interest in future computer
science study. These focus groups will be conducted in each of four semesters of the

1998-99 and 1999-00 academic years.

. External reviews - Three external reviewers will be used to review the material

developed for all of the courses. Since the materials will all be web-based, the
reviewers will be able to review from a remote location and submit written reviews to
the in?estigators. Review of the general education materials will be conducted during
the summer of 1999 and review of the modules developed for the other three courses

will occur during the summer of 2000.

. Student evaluative comments - Part of the required responses from 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 and by date.

F. Demographic and enrollment data - Data will be kept on students enrolled in each
course, recording demographics 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 volunteer testers - Volunteer testers from other institutions will be
asked to submit a report on their experience with the Integrated Learning 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 project as indicated below:

Project Component Objective Activities
Integrated Learning Envi- | 1.1 Integrate four modes of learning BDE
ronment
1.2 Transportable CcG
General Education Course | 2.1 Improved problem solving AC
2.2 Increased understanding of and interest in BCDF
computer science

4.2 Qualifications of Evaluators

The following three individuals have agreed to serve as external reviewers for this project.

e Charles Kelemen, Professor of Computer Science, Swarthmore College. Professor
Kelemen is an acknowledged expert in computer science general education. He was a
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contributor on this subject to the Strategic Directions in Computing Research project of
ACM Computing Surveys. [6]

* Professor Ted Sjoerdsma, Professor Emeritus of computer science, Washington & Lee
University. Professor Sjoerdsma is nationally recognized as a leader in computer science
education, a CSAB evaluator, and a former NSF program officer.

* Professor Lynn Ziegler, Professor of Computer Science at the College of Saint Benedict/
St. John’s University, is a leader in cooperative 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. It’s purpose
is to foster collaborative student-faculty research in social science and 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
resources in the form of highly-trained faculty and bright, motivated students. They also have
access to a wide array of computer hardware and software, a system for generating survey sheets
that can be scored by an optical scanner, and other related facilities.

The professional staff includes Charles W. Green, Director and Associate Professor of
Psychology at Hope College. He received his Ph.D. in Social Psychology from the University of
Florida in 1983 and has taught at Hope College for thirteen years. His research interests include
race/ethnic relations and the academic and social development of college students. He became
director of the Frost Center in 1992 and has supervised numerous research projects with
governmental, non-profit and corporate organizations. Barbara J. Neper has been Research
Associate at the Frost Center since August, 1995. She completed her M.S. in Educational
Psychology at the University of Wisconsin-Milwaukee in 1994. She has experience in the fields of

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

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

Project Component Dissemination plan

* A workshop will be proposed for the 1999 SIGCSE Symposium to
present the ILE and recruit external testers for it.

* A paper describing this environment will be submitted for publication
and presentation at the SIGCSE Technical Symposium or to a Confer-
ence of the Small College Computing Consortium.

* Environment will be demonstrated and distributed on the World Wide
Web

Integrated Course
Environment

* The 1999 SIGCSE Symposium workshop will include information
about these materials and recruit external testers for it.
* Efforts will be made to make the course material commercially avail-

General Education able through a publisher.
course material * A demonstration of the material will be placed on the World Wide
Web.

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

* A demonstration of the material will be placed on the World Wide Web
Other course with download capabilities included.

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

The Web-based course materials developed for the CSCI 120 course will be presented to
commercial publishers to solicit their interest in commercially publishing these materials.

The software supporting the integrated environment will be made freely available on the
World 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 contacted three publishers about their interest in publishing the
CSCI 120 course materials for commercial distribution. All three have indicated a strong interest

in participating in this project.
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