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Project Summary

This project will build an environment for visualizing program execution that
supports student learning. It will also produce materials that make use of this
environment in an Object-Oriented, Java-based introductory Computer Science course.
The environment will be built from components that have already been constructed by
the Principal Investigator and his students during three summers of prior research.

The course material will integrate the visualization environment into the introductory
course through the development of lecture demonstrations with follow up activities, in
class laboratory activities, and outside-of-class homework exercises. These will be
refined and improved through class testing.

The impact of the environment on learning will be evaluated through student
surveys, logging student usage to measure the nature and impact of use of the
environment, and by the critical reviews of outside experts. The materials will all be web-
based and will be distributed through its availability on the web and through workshops
presented at regional and national conferences. A community of users will be created and
maintained on the web where upgrades and additional course materials will be made

available.
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An Object-Oriented Execution Visualization Environment for
Learning Introductory Computer Science

Project Description
1 Results from Prior NSF Support
The Principal Investigator has received three NSF grants related to undergraduate education

over the past six years. These grants are listed in abbreviated form below and referenced later in

the proposal:

e REU: An Undergraduate Research Participation Program in Computer Science
Grant Number CDA-9423943
Amount of Award $114,393
Support Period March 1, 1995 until February 28, 1998

e An Integrated Classroom/Laboratory for Introducing Students to Object-Oriented Concepts
Co-PIs Michael J. Jipping and Gordon A. Stegink
Grant Number DUE-9650129
Amount of Award $46,356
Support Period June 15, 1996 until May 31, 1999

e REU: An Undergraduate Research Participation Program in Computer Science
Grant Number EIA-9732339
Amount of Award $146,700
Support Period February 15, 1998 until January 31, 2001

The two REU grants are the latest of three grants supporting a Hope College REU site program
over the past nine years. The PI has supervised undergraduate research projects every summer
from 1992-1999. The Co-PI supervised undergraduate research under this project in 1996. Four
of the projects supervised by the PI are directly related to the project presented in this proposal.
The DUE grant was an ILI project that supported the establishment of a combination classroom
and laboratory environment that provides a 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 this facility along with successors of the

original equipment will provide the classroom environment for the present project.



2 Project Overview

The proposed project will build an environment for visualizing program execution that
supports student leaming and will develop materials that make use of this environment in an
Object-Oriented, Java-based introductory Computer Science course. This environment will be
built from components that have already been constructed by the PI and his students and will be
developed under the leadership of the co-PL

The course material will integrate the visualization environment into the course through the
development of lecture demonstrations, laboratory activities, and outside-of-class homework
exercises. These will be refined and improved through class testing.

The impact of this environment on learning will be evaluated through student surveys,
logging student usage to measure nature and impact of use of the environment, and by the critical
reviews of outside experts.

3 Goals and Objectives

This project has four goals, as listed below along with their corresponding objectives.
Goal 1: We will develop an integrated, web-based execution visualization environment to
enhance introductory Computer Science learning.

Objective 1a. We will integrate previously developed components for Java program

development, visualizing class/method protocol, recursion, and event-driven computing.

Objective 1b. We will add a facility to this environment that will permit code generation and

playback of visual user/machine interactions.
Goal 2: We will develop course modules that use the visualization environment.
Objective 2a. We will develop lecture presentation modules including follow-up web-based

review materials that utilize the visualization environment.



Objective 2b. We will develop laboratory exercises using the visualization environment.
Objective 2c. We will develop out-of-class homework exercises requiring use of the
visualization environment.
Goal 3: We will evaluate the materials and modify them based on the evaluation.
Objective 3a. We will use these materials locally in the Computer Science 225 course.
Objective 3b. We will evaluate effectiveness by collecting data from students.
Objective 3c. We will distribute our materials to a panel of experts for critical review.
Objective 3d. We will modify and improve the materials based on these.
Goal 4: We will share the materials developed with other Computer Science educators.
Objective 4a. We will communicate our results through professional publication, web
publication, and workshops at national and regional conferences.
Objective 4b. We will establish a community of users for the continued evaluation,
development, and maintenance of these materials.
4 Problem Addressed
In the past ten years, we have seen a major change in both the content and methods used in
introductory Computer Science instruction. Three of those changes are addressed in this project.
The paradigm of problem solving introduced in this course has changed from predominantly
imperative to predominantly object-oriented. This has been evident in the textbooks published
and in the programming languages used.
In addition, the mode of classroom teaching in this course has moved from lecture-based
presentation to interactive, cooperative leaming. The Computing as a Discipline report [4] gave

impetus to this movement and it has continued to grow as more emphasis has been placed on



collaborative learning in all of higher education in general and in Computer Science education in
particular [3] [18].

Finally, the use of the World Wide Web to enhance learning has been a phenomenon of the
last five years, and is becoming an integrated part of course presentation in Computer Science [1]
[2].

The proposed project is intended to address some particular instructional problems that are
present in object-oriented introductory Computer Science learning by applying the new web-
based technology in a manner that will encourage active, cooperative learning.

The three instructional topics addressed by this project are (1) the class/method protocol of
object-oriented problem solving; (2) recursion; and (3) event-driven computing,

As the object-oriented paradigm has become the approach to problem solving in
introductory Computer Science courses, a fundamental instructional challenge has become
establishing early student understanding of the class/method protocol. This has been noted by
others including Kolling [9][10] who has developed the Blue environment [11] and its successor,
the BlueJ environment [12] that has similar goals to that of the present project in working on this
problem.

A second problem that has long existed in Computer Science instruction at all levels is
developing an understanding of procedural recursion [13][20]. Visualization has frequently been
used as a tool to address this problem [8].

A third instructional challenge addressed by this project is developing student understanding
of event-driven computing. This is a more recent issue [19], without a long history of
visualization approaches.

5 Prior Work



In the last three years, the PT has addressed each of the three instructional problems
described in Section 4 through the use of visualization techniques. This work was done with

support from the NSF REU program during the summers of 1997-1999. See Section 1 fora

description of this support. The results of this prior work will form the basis for the present
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Figure 1 Sample screen from ObViz for visualizing a Fraction class

5.1 Object Visualization
The first project, developed by James Vanderhyde and the PI [5], addressed the visualization

of the class/method protocol by providing the ability to view any Java class’ method protocol



and activating any of its methods by dragging and dropping objects into its parameter positions

and clicking on the method box. After the click, the action of the method is performed and any

returned object appears in the window next to the method. A sample interaction in progress is

shown in Figure 1 to illustrate the capabilities and format of ObViz, the Java software that

provides this facility. ObViz needs only the Java Virtual Machine code of a class to visualize that

class. This software has many capabilities that cannot be described here due to space limitations

and has been used in many different course environments at Hope College and elsewhere.
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Figure 2 Function Visualizer with three recursive calls to fibonacci function

5.2 Recursion Visualization
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Visualization of recursion is provided by a package called VizFun [6] developed by the PI

along with undergraduates Erin Parker and Rebecca Weinhold. This package accepts as input

source code for Java methods and produces a visualization for the execution of those methods.

The visualization produces a frame for each method call, including recursive calls or calls on




other methods. Each method call frame contains the source code for that method with the
currently executing Java statement highlighted. All active methods are visible in a stack as
shown in Figure 2.

5.3 Visualization of Event-Driven Computing

A third development project resulted in AWTViz, a product that produces visualizations of
Java event-driven method calls [7]. AWTViz was developed by Josiah Dykstra and Keith Suppes
working with the PL In this case, the window of AWTViz, shown in Figure 3, contains the
source code of the currently executing method with an execution trace, a call stack for methods,
and a history of method calls, all arranged so that the student can follow in detail the execution

of methods that are called by events produced by user interaction.
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Figure 3 AWTViz visualization of Event-Driven Java

5.4 A Java Development Environment
Another software product developed under the Hope College REU program is JaDE, a Java

Development Environment that permits web-hosted Java source code entry, editing, and



execution of the resulting applet. This was developed by Professor Gordon Stegink with

assistance from students Jon Pater and Daron Vroon [16]. Figure 4 shows a snapshot of the JaDE

environment.
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Figure 4 JaDE: a browser-based Java program development environment

5.5 Integrated Classroom and Laboratory

The setting for the classroom activities related to this project will occur in the classroom

constructed with support from the NSF ILI grant described in Section 1. This classroom contains

12 Sun workstations in an arrangement that supports easy transition from lecture to discussion to

laboratory activities for up to 24 students. In addition, this classroom contains projection

facilities to enable the instructor to communicate effectively with students by means of the

instructor’s station at the front of the room. This classroom is used for all Computer Science

classes at Hope College, including the one that will be the host for the study described in this

proposal. Figure 5 illustrates the configuration of this classroom.
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Figure 5 Computer classroom/laboratory for 24 students containing 12 student stations

6 Project Activities

The project timeline is given below:

Summer, 2001 Software implementation

Course material preparation

Academic Year, 2001-2 | Class testing

Software and course material refinement
Summer, 2002 Preparation for dissemination
Workshop design

6.1 Background — Course and Facilities

The course that will host the materials developed by this project is CSCI 225, Software
Design and Implementation. It is the first Computer Science course in the Hope College
curriculum, though it has as a prerequisite that the students have some prior programming
experience. It is an introduction to Computer Science using the Java programming language with

an objects-first approach, It also includes extensive treatment of event-driven computing through



the introduction of the Java Abstract Windows Toolkit (AWT) library classes. The course outline
for CSCI 225 is given in Appendix A.

This class meets in the classroom described in Section 5.5 and meets for five fifty-minute
periods per week, with that time flexibly divided into lecture, demonstration, and laboratory
activities, distributed at the instructor’s discretion. An estimate is that the time is divided into
30% lecture, 30% demonstration, and 40% laboratory.

6.2 Software Development

The software development process will take place during the summer of 2001. This effort
will be headed by co-PI Ryan McFall, assisted by two undergraduates who will be funded by
NSF REU funds or by Hope College funds. This activity will address Goal 1 in Section 3. The
activities to meet the specific objects are given below:

1. Integrate previously completed software components.
The proposed activities here are
e Use ObViz as the main user interface.
e Tacilitate student code-generation for visualization through the use of JaDE.
e Include optional method execution trace and visualization using VizFun when a method
is activated through ObViz.
e Allow optional activation of AWTViz through ObViz
e Make all components accessible via a web browser.
e Provide a general interface that will enable the integration of future visualization

components beyond those included in this project.

10



2. Provide a capability for logging student usage of individual components. This will generate
data that will be helpful in the evaluation process by monitoring individual student activity
within the software.

3, Provide an optional code-generation and playback facility for ObViz. This will record all
method invocations activated by ObViz and record them as Java code that can then by
“played back” at a later time by an ObViz playback component.

6.3 Course Material Preparation

Course material will be developed during the summer of 2001. This process will be directed

by PI Herbert Dershem with the assistance of two students who will be funded by NSF REU
funds or Hope College undergraduate research funds. This activity will address Goal 2 in Section
3. The PI has already used the previously developed components in a similar format within the
CSCI 225 course. This activity will make use of the integrated software and result in materials
that will eventually be suitable for dissemination. The material developed will take three forms:
1. Lecture illustrations with follow-up
This is best illustrated by an example. When introducing the concept of classes and their
method protocol, a number of suitable example classes will be developed for classroom
illustration within the ObViz component. The concurrent examination of Java code and its

modification within JaDE will also be used in this setting. Follow-up activities will include

student playback of lecture illustrations both before and after making directed modification to

the code.
2. In-class laboratory exercises

These will be activities designed to be completed by pairs of students within an

instructor-supervised environment. Each laboratory exercise will be presented by a web page

11



that will describe the activities and provide opportunity for student interaction. In addition,
each laboratory exercise will make use of one or more of the visualization components.
Some laboratory exercises will be lecture illustration follow-ups and activities to
familiarize students with the visualization tools. A further example of a laboratory exercise
that would enhance the learning of recursion would provide the students with a faulty
recursive method and lead them through discovery of the error by using VizFun. The
exercise would then direct the students through making corrections within JaDE and
verifying its correctness. This process could be repeated for a number of different recursive
methods.
3. Out-of-class Activities
A final type of learning activity is that designed to be completed by the student outside
of the classroom setting. Such activities would be similar to in-class laboratory exercises, and
in fact, in-class labs are frequently completed as out-of-class homework. But additional
activities will be designed especially for out-of-class learning reinforcement. These activities
could be either optional or required. An example of such an activity is an assignment to
create a class including its user interface. In addition to directing the students to use AWTViz
in the construction of the interface, the students would be asked to test their class with
ObViz, recording the test and submitting the generated source code to the instructor. Another
out-of-class activity is to have students exchange student-written classes for black box testing
within ObViz.
6.4 Class Testing and Material Refinement
During the Fall Semester of 2001, the PI will teach a section of CSCI 225 using the

materials developed during the preceding summer. He will refine and improve both the course

12



materials and the software with assistance from the Co-PI. The PI will have one-fourth release
time during this semester, provided as an institutional contribution, to work on this project. Data
for evaluating the materials will also be collected during the semester.

The co-PI will teach a section of CSCI 225 during the Spring, 2002 semester, again refining
and improving the course materials and software. The co-PI will have one-fourth release time for
working on this project, provided as an institutional contribution, and will be assisted by the PI.
Evaluation data will also be collected during the spring semester offering.

6.5 Preparation for Dissemination

The PI and Co-PI will put all of the software and course materials in final form during the
summer of 2002. This will include preparation of all of the products mentioned in the Evaluation
Plan (Section 9) and the design and preparation of materials for the workshop described in the
same section.

7 Facilities and Resources

All resources needed to complete this project are presently available in the Hope College
Computer Science Department. These facilities include 26 Sun workstations and 3 PCs. These
machines are organized in three areas: the classroom described in Section 5.5 and two
laboratories that provide both a general computing facility supporting all class activities and an
area tailored for the experimentation needs of upper level classes. Because of a wide range of
uses, each area is equipped with a rich set of software development environments and machine
configurations that support our curricular offerings.

8 Experience and Capabilities of the Principal Investigators
The Principal Investigator, Herbert Dershem, is a Professor of Computer Science and chair

of the Department at Hope College. He has been a faculty member at Hope for 31 years. Dr.
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Dershem has been active in course development and the use of visualization in teaching
Computer Science, receiving grants and publishing papers in these areas. He is the primary
instructor for the course that is targeted by this proposal.

The Co-Principal Investigator, Ryan McFall, has been involved in curriculum and course
development at both Michigan State University and Hope College. At Michigan State he was
part of a team that designed the course CPS 100, “Computing Concepts and Competencies,” a
large enrollment, non-major course that combines lab-based problem solving instruction with
modified mastery-learning [17]. In addition, Professor McFall was a co-designer of a web-based
lab-intensive introduction to Computer Science for general education students at Hope College
using Java and graphics [15]. As an undergraduate, he worked on an instructional visualization
project under the direction of the PI [14].

McFall will also bring expertise in web development technologies to the project. His
doctoral dissertation works on automatic detection and repair of broken links in distributed
information systems such as the World Wide Web.

9 Evaluation and Assessment

Data will be collected from students in two ways to assess the materials developed for this
project. Student survey data will be collected immediately after each activity and students will be
given a survey to determine their overall assessment of the materials at the end of the course.
These survey instruments will be kept brief and will be completed on-line as a part of the student
assignments. They will be designed and analyzed with advice from the Hope College Frost
Center for Social Science Research.

Tn addition, data will be collected through the logging features of the software. This data will

measure the amount of usage of the various components by each student. Again, we will consult
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with the Frost Center to assist in the design of the data collection instruments and in their
analysis.

Finally, we will employ a panel of outside reviewers to evaluate the materials at the end of
the summer of 2001. This panel will include Professors Alyce Brady from Kalamazoo College,
Miyles McNally from Alma College, Gary Lewandowski from Xavier University in Ohio, and
Dave Berque from DePauw University.

10 Dissemination of Results

This project will result in two products that will be disseminated: software and course
materials. The software along with illustrative documentation will be made available for
downloading on the internet, as will all course materials.

We expect to publish a paper on the results of this project that will detail the methods and
results. This paper will be submitted to the ACM SIGCSE Technical Symposium. We will also
provide a complete introduction to the materials and our results on the World Wide Web. This
web presence will also serve as a gateway to downloading the materials. Also included here will
be the capability for users of the material to submit materials of their own as well as suggestions
and criticisms. We expect that this will include materials that use the software in other course
settings. This web presence will be used to communicate future upgrades and improvements to
the software and course material.

We will also prepare a workshop for introducing Computer Science faculty to the software
and its use in their classes. This will be a four-hour workshop and will result in the participants
designing activities for their own classes using the software. This workshop will be proposed for
presentation at the SIGCSE Symposium and at the regional conferences of the Consortium for

Computing in Small Colleges.
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Appendix A

Course Outline for CSCI 225—Software Design and Implementation

. Background (1 week)

e Evolution of Programming

e Internet and World Wide Web
e Java—an Overview

. Applets (1 week)

e The Applet Class

e Java Methods

e  Graphical Programming

. Graphical User Interfaces (1 week)
e Components

o Textual Widgets

e Active Widgets

. Visual Design (1 week)

e Containers
e Layouts
e High-level containers
. Java Language (2 weeks)
o Types
e Identifiers
e Operators
e Statements
e Conditionals
¢ Events and Event Handling
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6.

10.

Object-Oriented Problem Solving (1
week)

e Design

e (lass determination

e Method determination
Collections (2 weeks)

e Loops

e Arrays

e Sorting

e Strings

Exceptions and Input/Output (2
weeks)

e Exception Conditions

e Exception Handlers

e Streams

e Files

Threads (1 week)

e Threaded Execution

e Synchronizing Threads

e Applets in Cyberspace
Applets for the web (1 week)
e Images and Sounds

e  Animations
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Budget Justification

Al. Salary for Senior Personnel

Each summer, the PI and the Co-PI will be funded for two months. The budget reflects
2/9 of their annual salary with the salary for 2001-2 based on a 4% estimated increase over their
2000-1 salaries. One month of the Co-Pi’s salary for the summer of 2001 will be paid by Hope
College as a contribution to this project. In addition, the college will contribute the Y4release
time each semester. See the summary of college contributions below.

B. Fringe Benefits

Calculated at 10.5% contribution to retirement and 8.65% contribution to FICA and
MQFE.
E. Travel

$1,500 has been budgeted for the PI and Co-PI to travel to a conference to present their
work on this project.

@G3. Consultant Services

Four consulting faculty will be paid stipends of $250 each for their assistance with the
evaluation part of this project.

Hope College Contributions
One month salary for Co-PI, summer 2001 $4,600
Release time for PI, Fall 2001 semester

1/8 of academic year salary $9,500
Release time for Co-PI, Spring 2002 semester

1/8 of academic year salary $5,400
Student assistants, Summer 2001

4 @ $3,000 $12,000
Travel for P1 and Co-PI provided by

Hope College $1,500
19.5% of Hope College negotiated indirect

cost not charged (52.5% is

negotiated rate. $9,263

Total Hope College Contribution $42,263
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task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
informationshouldchecktheboxprovidedforthispurpose.{TheexceptionsarethePI!PDnameandtheinformaﬁonaboutpriorFederaIsupport,the
last question above.) W

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records”,
63 Federal Register 268 (January 5, 1998).
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* INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
co-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section I1.B. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THIS FORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THIS MAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name: Ryan McFall
Gender: O Male [0 Female
Ethnicity: (Choose one response) [] HispanicorLatino [J Not Hispanic or Latino
Race: [0 American Indian or Alaska Native
(Select one or more) [] Asian

[0 Black or African American

[0 Native Hawaiian or Other Pacific Islander

[0 White
Disability Status: [0 Hearing Impairment
(Balact. one-ar itiore) [ Visual Impairment

[0 Mobility/Orthopedic Impairment

[0 Other

[0 None

I

Citizenship:  (Choose one) [ U.S. Citizen [0 Permanent Resident [d Other non-U.S. Citizen |
Check here if you do not wish to provide any or all of the above information (excluding PI/PD name): DX

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-Pl or PD on any federally funded
project O

Ethnicity Definition:

Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.

Race Definitions:

American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central
America), and who maintains tribal affiliation or community attachment.

Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.

Black or African American. A person having origins in any of the black racial groups of Africa.

Native Hawaiian or Other Pacific Islander. A person having origins in any of the original peoples of Hawaii, Guam, Samoa,

or other Pacific Islands.

White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should checkthe box providedforthis purpose. (The exceptions are the PI/PD name andthe information aboutpriorFederal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardiess of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, “Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).
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NATIONAL SCIENCE FOUNDATION
4201 WILSON BOULEVARD

ARLINGTON, VIRGINIA 22230
DIRECTORATE FOR EDUCATION
AND HUMAN RESOURCES
Division of Undergraduate Education (DUE) 0cT 18 2000

Dr. Herbert L. Dershem
Department of Computer Science
Hope College

27 Graves Place

Holland, M1 49422-9000

Re: DUE - 0088407

Dear Dr. Dershem :

We have considered carefully the proposal that you submitted to the National Science Foundation's
Course, Curriculum and Laboratory Improvement (CCLI) Program. I regret to inform you that we
are not able to provide support for your proposed project.

The Foundation's decisions regarding project support are based primarily on the perceived
scientific and educational merit of the proposals. The advice we solicit and receive from the
reviewers enters heavily into our decisions.

Verbatim (but anonymous) copies of the reviews received for your proposal are enclosed. The
comments of the reviewers and staff judgment serve as the basis for our decision. Please
understand that individual reviewer comments do not necessarily reflect the Foundation's policy or
position.

We are grateful for your interest in improving undergraduate education and appreciate your effort
in preparing and submitting a proposal. I hope the enclosed information and the reviews explain
the reasons for the Foundation's actions, but, if not, please contact the Program Officer who
managed the review of your proposal at (703) 292-8666.

Sincerely,

Norman L. Fortenberry
Division Director

Enclosures
Copy to: Business Officer or President

Hope College
P.O. Box 9000
Holland, MI 49422--900



NATIONAL SCIENCE FOUNDATION
4201 WILSON BOULEVARD
ARLINGTON, VIRGINIA 22230

DIRECTORATE FOR EDUCATION
AND HUMAN RESOURCES

Division of Undergraduate Education (DUE)

Dr. Herbert L. Dershem
Department of Computer Science
Hope College

27 Graves Place

Holland, MI 49422-9000

Re: DUE - 0088407

Dear Dr. Dershem :

As indicated in Dr. Fortenberry's letter, enclosed are the reviews of your Course, Curriculum
and Laboratory Improvement (CCLI) proposal. These reviews were written by faculty and
other professionals from the scientific community interested in the improvement of
undergraduate education, and they were a major factor in determining that your proposal
could not be funded within the budget for CCLI. A written summary of the discussion by the
panel also is enclosed.

Firstly, congratulations on a well-written proposal. The reviewers and I very much appreciate
the quality of your writing. However, the reviewers found two areas of major concern with
this proposal with which I concur: all major components of the project already exist, having
been developed with NSF REU support, and no substantive evaluation of these components
has taken place in the context of enhanced student learning. The proposal does not address
why your approach is superior to several other similar efforts. In order to make this case, you
must evaluate your current software products in terms of student learning. I suggest that your
appropriate next step should be to evaluate the materials that you have already developed, in
terms of student learning not simple utility, and then, if the evaluation is positive, to develop
an EMD-Full proposal for review in a future CCLI round.

We appreciate your efforts on behalf of undergraduate education.

Sincerely,

Andrew P Bernat
Program Director
Division of Undergraduate Education



NATIONAL SCIENCE FOUNDATION
Arlington, VA 22230

DIRECTORATE FOR EDUCATION AND HUMAN RESOURCES
Division of Undergraduate Education
Course, Curriculum, and Laboratory Improvement (CCLI)

General Information for Applicants, FY 2001

The CCLI program received 1041 proposals requesting $170 million by the deadline of June 6,
2000. It is anticipated that $40 million will be available for these projects and that these funds
will permit approximately 300 proposals to be supported in the CCLI program. More
specifically, 427 proposals were submitted to the Educational Materials Development (EMD)
track, 592 to Adaptation and Implementation (A&I), and 22 to National Dissemination (ND).
The program expects to make about 100 EMD awards, 200 A&I awards, and 5 ND awards.

Each proposal was considered by a panel of reviewers, each of whom received a copy of all
proposals to be reviewed by that panel. Each panel member read and wrote reviews of the
proposals and then the panel convened as a group to discuss the proposals under consideration.
Following these discussions, reviewers completed their individual written reviews of each
proposal. The written remarks are addressed to the NSF and reflect the views of individual
reviewers. In most cases, one member of the panel prepared a summary of the discussion.

Decisions about particular proposals are often very difficult, and factors other than reviewer
comments and ratings enter into the decision. Comments by a reviewer must sometimes be
considered in the context of other reviews by the same person. Maintaining appropriate balance
among disciplines, the availability of other funding, the total amount of funds available to the
program for proposals, and general foundation policies are also important decision factors.

Additional information about the decision on your proposal is provided separately. Please feel
free to contact the program director if more information would be helpful. To see the awards that
are made as a result of this competition, you are encouraged to consult the Division of
Undergraduate Education’s (DUE) Web-based Project Information Resource System (PIRS) at
<http://www.ehr.nsf.gov/PIR Web/Search>.  This resource is intended to provide access to
current information about projects funded by the NSF through the programs in DUE.

The CCLI program will operate again in FY02. A revised program solicitation and the
application deadline will be available early in 2001 on DUE's Web site at
<http://www.ehr.nsf.gov/EHR/DUE/>. Revised proposals are definitely welcome and will be
given a de novo review.
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*Criterion 1: What is the intellectual merit of the proposed activity?
“Criterion 2: What are the broader impacts of the proposed activity ?

Please attach a separate sheet(s) with your evaluation of this proposal with respect to each of the
above criteria per instructions on the previous page. Your specific comments on the proposal's
strengths and weaknesses are critical. Do not share, copy, quote or otherwise use or disclose
material from this propos}al. Destroy it after you complete your review.

Summary Statement: (Include comments on the relative importance of the two criteria in assigning your
rating. Continue on an additional page, if necessary.)
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Overall Rating (check one);
(] Excellent: Outstanding proposal in all respects; deserves highest priority for support.
[ Very Good: High quality proposal in nearly all respects: should be supported if at all possible.

[] Good: A quality proposal worthy of support.
(] Fair: Proposal lacking in one or more critical aspects; key issues need to be addressed.
(] Poor: Proposal has serious deficiencies.

NSF keeps reviews and your identity as a reviewer of specific proposals confidential to the maximum extent possible.
We will, however, send the Principal Investigator(s) a copy of this review without your name and affiliation.

REVIEWER'S
SIGNATURE:

REVIEWER'’S NAME AND ADDRESS (TYPED):

OTHER SUGGESTED REVIEWERS (OPTIONAL)

FASTLANE PIN:

PLEASE RETURN BY:

"FILE IN PROPOSAL FILE



Panel Summary
0088407
Dershem
Hope College

An Object-Oriented Execution Visualization Environment for Learning Introductory
Computer Science

This EMD proposal for $74,000 represents an extension of several previous grants to Hope
College. This project consolidates previous work into a single environment to aid in student
mastery of introductory computer science concepts. The goals of this project are to build a
visualization environment from previously funded components; to integrate this environment
into a complete course with web-based lectures, in-class activities and homework; to evaluate
the environment though student surveys, student usage logs and external expert evaluations;
and finally to disseminate these materials and build a “community of users.” The requested
funds are largely for faculty salaries. The University will provide matching funding for these
costs.

Strengths:
Very well-written proposal
Specific goals clear
Good that this work is based on previous work
Visualization is a “hot” topic
Hope College shows solid support for the proposal
Good use of REUs
Outside reviewers good idea
Good modules

Concerns:
Original challenge not reiterated, only implict
Evaluation and assessment is weak
What are outside reviewers reviewing?
How this project is significantly different from BlueJ
No evaluation until 2002; does this mean no evaluation the first year?
Shouldn’t the beginning materials also be evaluated before full development?
Need for 4 summer months might be excessive since materials already exist
Not clear what the work is, given that most of the components are in place

Suggestions:
Move this into the realm of EMD—dissemination to a larger audience
A set of summer workshops moving project to a higher level; include more institutions;
more diversity



NATIONAL SCIENCE PROPOSAL REVIEW FORM OMB NO: 3145-0060

FOUNDATION NSF FORM 1 (10/98)
gOPOSAL NO: IN T]TUTlON:{
O ¥8 40 7 pe Clo//lese.
PRINCIPAL INVESTIGATOR: | NSF PROGRAM:

e ;. Hepert | ool T = £ D)
PROPQOSAL TITLE: d : ; = ; 4
n 0{:{ ecl - ary e/ﬂ'f{'-e’_é'ﬂ f,-'(& c.u‘fcf’l Vf Saaﬂjaf'/cf‘&. fn v’,-ranmemj wO A La it ng I*«-J(ud
e
*Criterion 1: What is the intellectual merit of the proposed activity? 5.

*Criterion 2: What are the broader impacts of the proposed activity ?

Please attach a separate sheet(s) with your evaluation of this proposal with respect to each of the
above criteria per instructions on the previous page. Your specific comments on the proposal’s
strengths and weaknesses are critical. Do not share, copy, quote or otherwise use or disclose
material from this proposal. Destroy it after you complete your review.

'

Summary Statement: (Include comments on the relative importance of the two criteria in assigning your
rating. Continue on an additional page, if necessary.)
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Overall Rating (check one);
(] Excellent: Outstanding proposal in all respects; deserves highest priority for support.
(] Very Good: High quality proposal in nearly all respects: should be supported if at all possible.

(A Good: A quality proposal worthy of support.
(] Fair: Proposal lacking in one or more critical aspects; key issues need to be addressed.
(] Poor: Proposal has serious deficiencies.

NSF keeps reviews and your identity as a reviewer of specific proposals confidential to the maximum extent possible.
We will, however, send the Principal Investigator(s) a copy of this review without your name and affiliation.

REVIEWER'S
SIGNATURE:
REVIEWER'S NAME AND ADDRESS (TYPED):

OTHER SUGGESTED REVIEWERS (OPTIONAL)

FASTLANE PIN:
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|
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Proposal # 0088407 Hope College Dershem
An Object-Oriented Execution Visualization Environment for Learning Intro. CS

Summary / Goal: The proposal describes a plan to use existing artifacts from previous NSF
grants to develop software and course materials to support using visualization as a learning tool
for OOD in an introductory CS course.

Strengths:

o Goals are very clearly stated.

. Reuse of current materials / extension of prior work.

. College shows obvious support for the work.

. PI and Co-PI have the background to support the proposal.

. Current NSF grant will expire before this proposal would begin so there would be no time
conflict.

. Panel of outside reviewers should give objective review.

Concerns:

. Evaluation criteria is unclear

. How is it different from Bluel]?

. Where else is ObViz used?

. Is there a contribution to the CS Ed knowledge base here?

Dissemination Plan:
. Seems adequate
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Overall Rating (check one);
(] Excellent: OQutstanding proposal in all respects; deserves highest priority for support.
Very Good: High quality proposal in nearly all respects: should be supported if at all possible.

Good: A quality proposal worthy of support.
(] Fair: Proposal lacking in one or more critical aspects; key issues need to be addressed.
(] Poor: Proposal has serious deficiencies.

NSF keeps reviews and your identity as a reviewer of specific proposals confidential to the maximum extent possible.
We will, however, send the Principal Investigator(s) a copy of this review without your name and affiliation.
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NSF Proposal # 0088407
PI - Herbert L Dershem
Co-PI — Ryan L Mcfall
Hope College

An Object-Oriented Execution Visualization Environment for Learning
Introductory Computer Science

Intellectual Merit

This does address a major challenge in CS education.

It does build off of previous research.

The evaluation process is lacking in details.

First goal is to put together previous work? Don’t we all do this?

Second goal is to put it in new environment? Don’t we all do this?

Third goal to evaluate it, but are you evaluating effectiveness or only utility?
Outside evaluations appears nice, but what are they reviewing? Only the material, what
about the outcomes or topics, etc..

Fourth goal to disseminate?

The target audience, pedagogy, and lit review seems good. I only question where it
would go from here?

Adequate university support? Hope College has some matching funds which some
proposals did not have as much.

Breadth of Impact

Enhancing student learning is the goal and as such it must be measured.
Without this it will be of little use to other institutions.

100 students and two faculty? How can we get more bang?

Not sure where it would go from the end of the proposal.

Not enough faculty appear to be involved.

Does not address common themes of NSF DUE.

Conclusions
Well written proposal. Seems like going to the NSF money machine too many times
without getting some support from elsewhere for research.

Rating
Good with major additions to proposal, fair as currently written.
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Overall Rating (check one);
Excellent: Outstanding proposal in all respects; deserves highest priority for support.
Very Good: High quality proposal in nearly all respects: should be supported if at all possible.

[] Good: A quality proposal worthy of support.
[ Fair: Proposal lacking in one or more critical aspects; key issues need to be addressed.
] Poor: Proposal has serious deficiencies.
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NSF keeps reviews and your identity as a reviewer of specific proposals confidential to the maximum extent possible.
We will, however, send the Principal Investigator(s) a copy of this review without your name and affiliation.
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Proposal Number: 0088407
PI: Herbert Dershem
Hope College

The project aims to build an environment for visualizing program execution in support of student
learning, use these materials in an introductory Java-based computer science course, evaluate the
impact of this, and disseminate the materials.

The PI'’s are qualified and have had successful NSF research in the past. Some of the
components of the proposed system are already in place from this research.

The choice of classes and methods in object-oriented programming, recursion, and event-driven
programming as the three instructional topics to focus on was a good choice that came out of
previous work. Including lecture illustrations, and both in-class and out-of-class activities was
also a good idea.

An evaluation plan involving student survey data and monitoring usage of the software is
provided. A plan to evaluate student learning is not included. Having a panel of outside
reviewers was a good idea. Perhaps the panel could be involved in designing assessment
materials to evaluate student learning.

A dissemination plan is included. Giving a workshop allowing participants to use the materials
to design activities for their own students was a particularly good method of dissemination.

This has the potential to be a very good use of technology in support of programming instruction.
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[ Excellent: Outstanding proposal in all respects; deserves highest priority for support.
(] Very Good: High quality proposal in nearly all respects: should be supported if at all possible.

Good: A quality proposal worthy of support.
] Fair: Proposal lacking in one or more critical aspects; key issues need to be addressed.
(] Poor: Proposal has serious deficiencies.
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0088407 EMD
Dershem Hope College

An Object-Oriented Excursion Visualization Environment for Learning Introductory Computer Science

Goal
The goal of this proposal is to develop web-based visualization environments via modules that will enhance student
learning,.

Strengths
The proposal builds upon previous NSF grants and extends prior work to include topics such as event-driven actions
and recursion. The PI has delineated clear goals and objectives of the project.

Limitations and Concerns

There exist concerns relative to the proposal. The proposal lacks innovation and lateral development that can build
upon existing materials to achieve a greater impact to the intended audience. It was difficult to see the long-term
impact of the proposal and how it would best serve the computing community at large.

Evaluation and Assessment
The assessment of the project seemed adequate, but lacked breadth and depth. The use of outside reviewers seemed
appropriate, although it is questionable what their role might be.

Dissemination

The dissemination appeared weak as it involves a possible submission as a paper or a workshop to a SIGCSE
symposium. It is not clear if other dissemination avenues were explored.

Budget
Appropriate for proposal.

Rating: Good
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0088407
Dershem
Hope College

An Object-Oriented Execution Visualization Environment for Learning Introductory
Computer Science

This proposal comes from a PI with a strong record of participation and completion of NSF
funded work. The visualization materials that have been developed at Hope have been
disseminated in the past and the REU project has critical acclaim.

This EMD proposal for $74,000 represents an extension of several previous grants to Hope
College. This project attempts to consolidate previous work into a single environment to aid in
student mastery of introductory Computer Science concepts. The goals of this project are to
build a visualization environment from previously funded components; to integrate this
environment into a complete course with web-based lectures, in-class activities and homework;
to evaluate the environment though student surveys, student usage logs and external expert
evaluations; and finally to disseminate these materials and build a “community of users.” The
requested funds are largely for faculty salaries. The University will provide matching funding
for these costs.

The materials address three instructional topics: class/method protocol for OOP; recursion and
event —driven computing in Java.

This proposal acknowledges the existence of the BlueJ project in Australia, and of the software.

What the proposal does not make clear, however, is how this differs significantly from that
effort, or how it would mesh with it.

This extension of the earlier work at Hope is clearly outlined. It fills in the gaps in terms of
supplying ancillary lecture and homework materials so that others may more easily adopt the
materials. It also utilizes visual environments for the development of programs capitalizing on
the strengths of the co-PI. The proposal indicates that the work on the ObViz has been used
“elsewhere”, but that is not documented.

The assessment portion of the project includes survey instruments and logging data as well as
outside reviewers, but does not include student performance or retention. Demographics of
students and learning objectives are also not addressed.

Th budget seems reasonable. There does not seem to be a plan for commercial distribution, but
through free distribution through professional societies and the web This material is reaching a
state of development that should move it beyond proof-of-concept. The goals may not be far-
reaching enough.

Rating basis

Summary and challenge faced: implicit in other work—previous problem no discussed
enough, good

Clarity of goals very good

Rationale for activity selection previous work; good

Student background considered not addressed
Assessment of student learning student use, not student learning: good



Effective use of technology excellent
Capability of faculty excellent
Adequacy of facilities and commitment excellent

Integration into academic program very good

Contribution to knowledge base good

Communication of results excellent

Potential for wide-spread dissemination and adequacy of plan excellent

Which objective addressed
quality SMET (very good) interdisciplinary (no attempt)
underrepresented group (no attempt) literacy (some)
national standards (outdated)
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Proposal Number: 0088407

PI: Dershem, Herbert

Co-PI: McFall, Ryan

Institution: Hope College

Title: An Object-oriented Execution Visualization Environment for Learning
Introductory Computer Science

Project goals:

1. build environment for visualizing program execution

2. produce materials that use the visualization environment for a Java-based CS1 course
3. evaluate the impact of the environment on learning

4. disseminate materials/evnironment

Strengths:

Well written proposal.

Builds a good, complete case for the project. PI is well qualified to do this work.
Good institutional support shown by academic year release time.

There is good use of NSF REU!

Concerns:

Greater majority of the work is to be done during the first summer (2001). However, no
plans for evaluation are included for developing the evaluation materials until Summer
2002. Does this mean that no evaluation will take place during the 2001-2 academic year
when the course is first taught?? How will the Pls evaluate the success/failure of the
materials developed?

The need for 4 summer months (including both PI and co-PI) for the second year seems
excessive. Unless there is a major disaster, what major development needs to occur which
would require this much time?

The panel of outside reviewers is a good idea. It is unclear what they will be reviewing —
are they only looking at the materials developed? Perhaps they might be more helpful at
the beginning of the development process by reviewing the types and content of materials
to be developed. Is the panel meeting together or is each member of the group reviewing
the materials separately?

Would be helpful to know the number of students who would be affected.

Budget:
Budget is all salary.
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Proposal Number: 0088407
PI: Herbert Dershem
Institution: Hope College

This proposal builds on considerable previous work to extend capabilities for
visualization in the introductory computer science course. More specifically, the
proposal seeks to provide support for faculty oversight for on-going student-faculty
collaboration in integrating existing tools into current courses and to expand those tools
somewhat.

The P has an extensive and strong track record of facilitating on-going student-faculty
research, and this proposal contains many solid components that reflect this experience.
The goals and objectives are well defined and clearly stated, the environment for the
work is clearly described, past work is described with appropriate supporting figures, the
implementation plan and timetable are well laid out, the evaluation plan includes both
internal data collection and external review, and the dissemination plan follows the well-
established form which the PI has used with considerable success in the past. Altogether,
the writing and organization for the proposal are nicely done.

With these many positives, however, the proposal contains relatively description of the
actual work to be done. More specifically, the proposal describes four existing packages
developed by the proposers: ObViz as a visual interface for invoking class/object
methods, VizFun for visualizing the execution of recursive methods, AWTViz for
viewing Java event-driven method calls, and JaDE as a java Development Environment.
The proposal seeks to integrate these tools, but it is not clear just what this work might
entail as each piece seems to be complete already. Similarly, little detail is provided for
the logging component of the work, or how the logging described here would differ from
efforts underway by others (e.g., Samuel Rebelsky at Grinnell College). Finally, while
the proposal references the Blue and BlueJ environments, there are few details
concerning how the current/proposed effort might differ.

Altogether, the proposal creates a sense that the new work will continue the on-going and
successful effort of the PI and his colleagues, and the proposal has many qualities one
might expect of an experienced grant-writer and developer. However, the proposal also
seems overly brief concerning some important details and directions.



