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Abstract

Project Links, an NSF-supported project at Renssel aer, is a cooperative effort by faculty from several departments,
schools, and institutions to develop materials linking mathematical topics with their applicationsin engineering and
science. The primary product of this effort is a set of interactive, web-based learning modules that rely heavily on
hypertext, animations, and interactive Java applets.

The project employs interactive web-based modules in the studio classroom environment, as means of engaging
studentsin guided learning. Theintent isto provide students with hands-on applied experience unavailable in
traditional lecture or textbook based instruction. All modules are designed for use both mathematics and
engineering/science courses, and assume a topic-qualified instructor and assistant are available in the classroom
during use. They are not intended as self-paced learning modules, nor as text replacements, but are to supplement
existing courses with a degree of interactivity and universality not available before the advent of the World Wide
Web.

Aninnovative and comprehensive evaluation program isin place to assess the viability and effectiveness of the
modules. An external group, The Evaluation Consortium of the University at Albany (NY), is conducting this phase
of the program.

There are currently over 40 modulesin development. Five modules of particular interest to engineering educators
are highlighted in this submission. These are Drag Forces, Constrained Optimization, Mass Transport, Electric
Potential, and Vibrating Strings.

l. Introduction

Project Linksisafive-year, NSF supported undertaking to devel op web-based interactive modules that integrate
mathematical concepts with contemporary topicsin science and engineering. The project is based at Renssel aer
Polytechnic Institute, with collaboration from the University of Delaware, Virginia Polytechnic Institute, Hudson
Valley Community College, and Siena College.!

These modules are to be used in a studio setting, with an instructor present, and with student access to the I nternet.
The modules are topic-specific, intended for use over one to three daysin the normal course of theterm. They rely
heavily on hypertext construction, animations, interactive Java applets, and in small group student interactions.
Most questions and examples are purposely left open-ended to encourage teamwork and self-discovery. Theintent
isto supplement existing courses, not independent study away from the classroom, though parts of amodule may be
assigned that way as follow-up.

Each Project Links module is a self-contained conceptual unit intimately linking afundamental mathematicstopic
with its application in a science and/or engineering course. Most modules have both a mathematics and an applied



subject professor as developers, and are targeted for use in at least one course in each area.

The examples used in the modules are based on real-world situations. To achieve this, the module devel opers
incorporate actual experimental results, demonstrations, or design problems. The modules use videos, real-time
experiments run over the web, animations of experimental results, and data-reduction.

1. Background

Many forces are coming together to alter the methods used to teach today’ s studentsin the technical fields. Many
years ago new multimediatools became available that allowed those with the time, talent, and the hardware to
produce innovative teaching methods. Use of many of these new ideas was limited because of the difficulty inherent
in purchasing and transporting equipment that was rel atively uncommon.? At that time, however, multimedia
essentially meant the use of videos, simple computer animations, and possibly some hypertext documents resident
on aloca computer.

Now, with the advent and unprecedented popularity of the World Wide Web and laptop computers, multimedia-
based educational methods have come to mean something entirely new. Several post-secondary courses are based
wholly on presentation via CD-ROM in alaptop environment 3

As educational |earning theories progress, more effort is being applied to the introduction of collaborative learning*
and interactive learning® in the engineering classroom. This fosters teamwork and personalizes feedback for the
students.

Project Links, known formally as “Mathematics and its Applications in Engineering and Science: Building the
Links’, was conceived to intimately tie (or link) crucial topicsin mathematics with one or more corresponding areas
of contemporary application in engineering and science. It isfunded under the National Science Foundation

initiative “Mathematical Sciences and Their Applications Throughout the Curriculum” ®.

The four main objectives of Project Links are:

1. Tostimulate greater cooperation in educational development among faculty in mathematics and other
disciplines.

2. Toencourage interactive teaching and learning strategies and to produce instructional materialsfor usein
workshop or studio-type courses.

3. Tocreatealibrary of interactive learning materials that link topicsin mathematics with applicationsin
engineering and science.

4. To continue Rensselaer's pioneering efforts in the application of contemporary technology for educational
purposes and to encourage the widespread distribution of the results of these efforts.

Our approach has been to produce instructional modules that exploit the Internet and its attendant technol ogies of
the World Wide Web, including the Java programming language. These modules are designed to be used in the
studio classroont, with an instructor present, with significant student-to-student interaction, and with many open-
ended challengesincluded. Project Links modules are not intended to replace textbooks, professors, or entire
courses. They are meant to allow flexibility to the instructor in their efforts to emphasi ze certain well-contained
topicsthat are a one- to three-day part of aregular course.

Ideally each module is developed by ateam of at least one mathematics professor and one science/engineering
professor, for use in amathematics course and a science/engineering course. The Project Links Technical Office
supplies these interdisciplinary teams with Internet expertise, programmers, and guidance.

1. Assessment

Each Project Links module must pass through a rigorous assessment program, conducted both internally and
externally. The version number assigned to each modul e reflects the progress of a module through this process. The
version numbers are shown and described in Table 1, and the detailed explanation of each test follows the table.



Version Description

0.0 Moduleis currently just aconcept and isnot publicly accessible.
0.2 Module isin prototypeformat that you can view. Module might not bein

the Project Links standard format. It has not been evaluated.

0.4 Module is partially developed and not yet evaluated.

06 Moduleis completed in the Project Links standard format and isready for
internal alpha and beta testing.

M odul e has passed the internal alpha and betatesting and isready to

0.8 begin external evaluation for content, usability, and the appropriate use
of educational technology.

Moduleisreleased for public use Itisin the Project Links standard
format, has been evaluated for content, usability, educational technology.
It has been revised to reflect changes recommended via the evaluation
process.

Development will very likely continue on these modules, so at times there
can be problems that occur because of the dynamic nature of our modules

1.0+

Tablel. Theversion numbers, symbols, and their meanings.

Alphaand betatesting are conducted by the Interface Designer, usually someone well experienced in the use of
multimedia and internet technologies, and is often a graduate student in Technical Communications. The tests
descriptions are:

a. AlphaTesting

The interface designer will check modules on all platforms and browsersfor broad editing,

aesthetic and usability issues. Review includes checking for:

?? Broad | ssues-- consistency with the Links format, logical use of the content and
functionality navigation, general usability, bugs/technical problems with the animations,
videos, applets, etc.

?? Editing | ssues-- titles accurate, links broken, pages missing or incorrectly named, clarity
of thetext, clarity of graphics/charts, etc.

?? Organizational I ssues-- how isthe material presented? does the module make sense?
can there be more interactivity? is the medium used effectively?

?? Aesthetic Factor s-- does the module look good? Can it look better?

The Alpha Test Reports are available for the modules discussed in this paper, at
http://links.math.rpi.edu/otm/al pha-reports.html .

b. BetaTesting
Theinterface designer provides afine-toothed copyedit for grammar, punctuation,
misspellings, broken links, broken applets, etc. Beta testing also ensures that the design and
usability look good and work smoothly.

The Evaluation Consortium from the University of Albany School of Education conducts the formal external
assessment. The Consortium conducts evaluation studies for educational, governmental and private agencies. Its
primary purpose isto provide practical experience for doctoral studentsin designing and conducting evaluations,
working with evaluation clients, and preparing and reporting evaluation results. This group has standardized the
process for modul e devel opment and documentation, and has devel oped and is implementing the evaluation plan.

Four types of testing are designed and/or conducted by the Evaluation Consortium. These are the Content Review,
Usability Testing, Educational Technology Review, and Pilot Testing/Classroom Observation. These are explained
below.



c. Content Review
Formal content review is conducted by at least one expert in the content area. The evaluation
instrument is a checklist produced by the SUNY Albany Evaluation Consortium. Oncethe
modul e has been devel oped to the satisfaction of the author and the technical manager, a
qualified expert in the subject matter is found outside of the developing institution, and
provided with the checklist. In general, content reviewers are asked to work through the
module, validating the module content and the accuracy of the materials presented. They are
asked to compl ete a short review of the module delineating content viability.

d. Usability Testing
A standard review is conducted where a small number of students use the module and provide
information pertaining to usability from a student's point of view. An observational checklist and
interview protocol has been formally established (including videotaping students).

e. Educational Technology and User Interface Review
Thisisastandard review that looks at the module from atechnological and instructional point of view
and provides validation of the module's appropriate use of current learning theory. A written review is
provided based on a checklist of theoretical instruction design concepts.

f. Pilot Testing and Classroom Observation
The SUNY A Evaluation Consortium provides areview of the module in actual use. Thisincludes
observations and interviews with faculty and students. Similar to providing "internal validity" in
research--in evaluation, it is proof of the modul€e's "merit”- that it does what it is supposed to do. Data
in this step can be collected over along time period if desired by including additional sites, new
methods of implementation or new methods of cognitive assessment. To date over one thousand
students have been observed and interviewed using our modules.

V. Evaluation and Testing

Reported below are the results of the data collected from faculty and students over the course of the past three years.
Information is provided for four objectives of the project relating to learning outcomes as demonstrated by self-
reports from participantsin astudio or classroom environment.

a. Perceived Cognitive Outcomes

The modules helped students to visualize problems, work collaboratively with peers, recall course content,
develop problemsolving skillsin specific content areas, and apply course content to new problems.
Additionally, the modules hel ped students devel op confidence in content areas, acquire diverse methods of
solving problems, transfer knowledge outside the course and increase attitudes of self-direction and self-
responsibility.

?? 95% of students surveyed agreed that the modul es helped them to think about problems graphically and/or
pictorially. In addition, students indicated that the modules hel ped them to recall course content (92%),
apply course content to new problems (92%), to improve grades (89%), and developing confidencein the
content area (87%). These findings demonstrate an increase of at least 18% and up to 49% over last year’'s
findings.

?? 85% of the students indicated that modul es encouraged them to work collaboratively with their peers.

When queried during interviews, students reported that this collaboration encouraged them to question one
another and provided them with the opportunity to use their peers asresources. Thisfinding was backed up
by classroom observations.

When queried as to benefits of use, students reported avariety of direct cognitive benefits, including enhanced
learning and enhanced problem solving skills, as aresult of module use. More specifically, students reported
that the modules provided for collaboration skills, hands-on and real world applications aswell as providing the
opportunity for different types of problem solving methods.



Faculty also reported multiple cognitive outcomes resulting from students’ use of modules, including greater
understanding of course concepts, making connections between mathematics and science concepts, devel oping
problem-solving skills, and understanding of the scientific method.

Students al so perceived multiple technological benefits of module usage. These included the visual and
graphical presentation of problemsin addition receiving feedback and information immediately. Students
perceived additional multiple cognitive and technological benefits from increased module usage in other
courses.

b. Perceived Affective Outcomes

?? Themagjority of students reported that module usage increased their knowledge base in the specific
content area, as well asincreasing motivation of to learn content material.

?? When queried during interviews as to specific motivational benefits, students reported that the modules
provided immediate information and feedback as well as providing them with real-life examples.

c. Effectivenessof Module Development Plan

?? Faculty learned about the modules from avariety of sources and perceived them as fulfilling multiple
needs.

?? The assumptions underlying use of the modules reported by users were in alignment with those of the
overall project plan.

?? Developers described several persistent barriersto the process of creating modules including the need
for alarger pool of programmers, faster feedback, and more direct assistance in each stage of
development.

?? Developers and non-devel oper faculty identified several barriers to the implementation of the modules

including classroom setup, need for worksheet/supplemental materials, lack of completed modules, and

equipment issues.

Faculty offered suggestions concerning facilitation of increased use of modules.

Developers and non-devel opers provided advice for faculty interested in using modulesin their

courses.
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d. Educational Technology Principlesof the Modules

?? Educational Technology Reviews were conducted to evaluate the instructional design principles of the
modules.

?? Most of themodules’ content and activities have been developed extensively in terms of explicit
linking of concepts.

?? Almost al of the modules reviewed and observed included links to external World Wide Web sites for
the purpose of additional activities and/or information.

?? Many of the modules reviewed referenced outside references that students could look to for additional
information.

?? Modules are designed in such away as to support studio-type teaching and learning as well as
additional teaching-style opportunities.

?? Modules are designed with the studio classroom in mind, but the basic design of the modules also
allowsfor them to be used in alecture format, as outside or homework, and as alab.

?? Studentsindicated that while the modules do not explicitly support collaborative learning, it isan
integral aspect of the modules and a common component.

e. Assessthe Usability of the Modules

During the 1999-2000 academic year, 5 modules were evaluated in terms of their usability for students of
differing content and computer ability levels. Each usability test actually consists of four participants working
their way through a computerized module: one beginner computer/beginner content, one beginner
computer/advanced content, one advanced computer/beginner content, and one advanced computer/advanced



content. The purpose of the usability testsisto demonstrate what level of computer and content ability is
necessary to successfully and effectively utilize the comp uterized modules. Common findings across these
reviews are presented below.

Novice Computer/Novice Content:

Although we found that this cohort could navigate the web-based software, they occasionally found
themselves lost in the module. Moreover, they did not fully understand the use of the interactive
applications nor how they operated. The reason for this appearsto be the lack of prior knowledge both
with computer applets and the content area. In addition, this cohort jumped around the module, pausing to
look at pictures and using internal links. During the post-interviews students indicated that their reason for
this method of exploration wastheir lack of understanding in the content area, resulting in feelings of
frustration. Asaresult, they were searching for some general understanding of the overall module topic
that they could understand or identify with it more comfortably. All of the participantsin this cohort also
wereidentified as active-intuitive-visual-global learners which could also account for their cognitive path.
For example, looking for pictures, utilizing theinternal links, and attempting to get a general understanding
of the overall topic are strategies that relate to learning style preference.

Novice Computer/Expert Content:

This cohort of students had no difficulty in making sense of the content information; however, their lack of
prior computer experience did effect their performance within the module. For example, they did not
understand the purpose of the module map or the two sets of menus (top menu to different types of
applications, side menu to levels within the content area). These maps and menus provide avisual structure
to the modul e content and its presentation. They only became aware that they were missing some aspect of
the module if the content made too large of ajump forward and then they would work their way back to
locate the missing step in the linearly -presented content. It should be noted that the students that
participated in this cohort were all sequential learners; this could account for their need to follow the

modul e step-by-step asit was designed. Their cognitive path demonstrated that while they were at an
advantage over the previous cohort it would be most beneficial for them and efficient for the classes
employing these modules if a complete explanation of the navigation systems and module tools was given
prior to module use.

Expert Computer/Novice Content:

This cohort of students had no difficulty identifying the dual menus (top and side) or understanding the
modul e tools and uses. However, with only basic math skillsthey faced great difficulty in trying to make
sense of the mathematical conceptsincluded in the module. The mgjority of studentsin this cohort would
begin the module by reading the introduction, familiarizing themselves with the layout of the module, and
then continue to return to the introduction and the summary of the module to attempt to gain ageneral or
surface understanding of the mathematical concepts. Very few of the students had the tolerance to work all
the way through the module as their frustration levelsincreased with each new concept. One aspect of this
frustration level may be connected to the fact that all of the learnersin this cohort wereidentified as active
rather than reflective learners and global rather than sequential learners. These learners attempted to make
sense of the module as awhole rather than concentrate on any one detail or step in the linear process
utilized by the modules.

Expert Computer/Expert Content:

As expected the students in this cohort had no difficulty in understanding the navigational system or the
moduletools. In addition, they found the mathematical concepts presented to be easy to comprehend.
Although several of the students were already familiar with the examples and/or applications employed by
the modules, even the students who identified the material as new to them could easily work their way
through. It should a so be noted that half of this cohort were sequential |earners while the other half were
identified as global learners. Thisisimportant becauseit tells usthat both types of learning styles, when
they have the necessary prior knowledge (both computer and content), can manipulate and use the modules
as they were intended to be used.

The modules currently under development are shown in the appendix. Five modules of particular interest to
engineering educators are highlighted in this paper. These include Drag Forces, Constrained Optimization, Mass



Transport, Electric Potential, and Vibrating Strings. The testing progress and current version numbers of each
module are always available from the status page at http://links.math.rpi.edu/otm/status.html.

V. Project Links Navigation

The modules are grouped in two lists by general topic area. There are six mathematicstopics (Differential
Equations, Calculus, Advanced Mathematics Methods, Linear Systems, Probability & Statistics, and Discrete
Mathematics), and the modules are regrouped in six applied science topics (Transport Phenomena, Electricity &
Magnetism, Mechanical Oscillations, System Design, Linear Systems, Probability & Statistics, and Graph Theory).
Three of the topics groups are the same for both lists (Linear Systems, Probability & Statistics, and Discrete
Mathematics/Graph Theory). The same modules appear in each list; they are simply regrouped to make it easier for
aprofessor to find the modul es she might want upon first entering Project Links.

For optimal viewing please use the recommended settings found on the Technical Requirements page at
http://links.math.rpi.edu/webhtml/techreg.html .

Every module in Project Links has the same basic format. Shown in Figure 1 is arepresentative page; thisoneis
from the Drag Forces module. There are four available modes of navigation through a module.
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Figurel. Thisisatypical modulepage. Shown is onefrom the Drag Forcesmodule.

Shown marked witha 1 in Figure 1 are the PRIOR/NEXT arrows. These follow a sequence preset by the module
developers. Thisisthe path through the module the devel oping professors recommend in normal use. Thisisakin
to the chapter sequence chosen by atextbook author. This sequence can be entered at any point by choosing atopic
from the side navbar (see below), but the sequenceis not visible to the student. The sequence will be part of the
preparatory materials made available to the using instructor.



Marked 2 in Figure 1 isthe side navigation bar (known asthe “side navbar”). Thisisaclickablelist of the main
modul e topics and sub-topics. Each of these may also be reached when using the PRIOR/NEXT buttons, but this
sidelist allows the student to jump around, as one would skip through parts of atextbook. A triangular icon appears
next to the current topic shown in the main frame.

In Figure 1, area3 is the top navbar, used to branch off of the main topic areaslisted in area2. Therearefive
choices here, available to the devel oper during design of the module. They are “Concepts’, “ Discover”,
“Applications’, “ Collaboration”, and “Practice”. Any or al may be used from any one page. Again, asmall
triangular icon appears next to the current branch, shown in brown. Available choicesarein bold blue, and those
unavailable from the current page are grayed-out.

“Concepts’ are main topics, usually those that appear on the side navbar. “Discover” pages|ead to questions or
exercises that allow the student to explore a new areawith information acquired from the “Concepts’ pages.
“Applications’ are current uses of the topic in real-world situations. “Collaboration” supplies challenges that must
be solved with a partner or by discussion between groups, perhaps with instructor guidance. “Practice” contains
problems that the student must answer to allow the professor to assess the learning that has taken place. These can
have the form of pencil-and-paper worksheet problems, applets, or online submissions.

Area4 allows the student to go to special help pages. Four types of help are available to the student at all times
from anywherein any module:
?? cribsheet - asummary of important concepts and formulasused in the current module;
?? library- alist of the multimedia elements and major concept pages included in the module and a
link to the site-wide glossary;
?? map - aconceptual map of the module material and/or asite map (several modules employ the
Hyperbolic Tree® Dynamic Site Tree. Seethe Electrostatic Field & Potential module;
?? help—ageneral help file describing much of what is described in this section of this paper.

Furthermore, the front page of any module can always be reached by clicking “Module Home” at the bottom of the
side navbar (in area4). The Project Links Front Page can be reached by choosing “Links Home".

VI. Representative Project Links Modules

a TheDrag Forceson Solid Objects Module’
http://links.math.rpi.edu/devmodul es/dragforces/index.html

In this module, simple differential equations are used to study the effects of the drag force, which slows the motion
of abody moving through afluid. Inthiscasethefluidisair, and thisair resistanceisresponsible for the safe
landing of askydiver. Thismoduleisapart of our Calculus/Transport Phenomena set of modules, and would be
appropriate for use in coursesin Differential Equations and Fluid Mechanics. Use could also be found in Physics
and Dynamics courses.

This module leads the student through an exploration of the physicsinvolved in objects falling through both a
vacuum and afluid by applying aforce balance. There are several QuickTime'® video presentations to illustrate the
nature of falling objects. Aninnovative Java applet allows students to predict the vel ocity-time and accel eration-
time curvesfor askydiver in free-fall subject to the effects of air resistance. The studentsfirst sketchin their
predictions, then run the applet to compare those to the answer. Probing questions allow the student to reinvestigate
their ideas and make another attempt. This applet is used again later, with the parachute deploying in mid-fall.

One of the most popular featuresisthe applet that allows students to choose two from among several types of
objects, whether they fall in avacuum or afluid, and what the drag coefficient is (this applet is shown in Figure 1).
The objects are then released to fall, and their respective v-t and a-t graphs are plotted during the fall. The student
then can directly compare the effects their choices have made on the rate at which an object falls.

The main part of the module concludes with an experiment of abob falling in atube, with the students doing the
analysisfirst without, and then with, drag included. They are led through the analysis, breaking at several pointsto
discuss ideas with classmates before continuing. A brief treatise on dynamic similarity isincluded.



The module ends with some answers and hints to the questions posed throughout in the “ Collaboration” and
“Practice” sections.

b. TheMass Transport Module™
http://links.math.rpi.edu/devmodul esfmasstransport/index.html

There are many instancesin biology and in the environment in which mass transport is an important phenomenon.
Everything from cellular osmosis to glucose uptake to pollution in lakes and ponds can be rel ated to mass transport.
The Mass Transport module, a member of the Differential Equations/Transport Phenomena groups, introduces the
ideas of concentration and concentration difference and formalizes how these concepts are responsible for many
common phenomena. The module contains a series of related demonstrations and exercises that build on one
another, allowing students an incremental understanding of the subject through increasing levels of complexity.

The modul e takes the student through the developmental ideas of mixing and transport in both single and multi-
chamber configurations. The modul e addresses diffusion, transport across single membranes and multi-membrane
systems, concentration profiles, and gas transfer. The module has interactive applets to illustrate the concepts and
guide the students toward understanding.

c. TheVibrating Strings Module'?
http://links.math.rpi.edu/devmodul esymechani cal osc/vibstring/index.html

In this modul e the motion of avibrating string under undamped and damped conditionsis studied. There are
interactive exercisesto link everyday experiences with mechanics and mathematics. In particular, the students will
derive the equation that governs the motion of avibrating string, study the motion of avibrating string in avacuum
and in afluid, and compare real experimental datawith theoretical predictions.

The Vibrating Strings Module is one of the modules that use our multiple-tracks capability. The study of
mechanical oscillations has two generally parallel subject lines: damped and undamped oscillations. Thisallows
both instructor and student to see the development of these very similar ideas.

This module also hasseveral instances where our Equation Activity isused. Thisisachance for the student to
derive the equation of motion for various situations, and have their solutions tested for correctness. Advanced
versions will include more forgiveness for different arithmetic forms, and hints when incorrect answers are given.

d. TheConstrained Optimization Module*®
http://links.math.rpi.edu/devmodul es/constrai nopt/index.html

This module, part of the Advanced Math Methods/System Design groups, helps the students grasp the principles of
optimization of multivariable functions with equality constraints. Thisisdone with the use of geometric
experimentation.

Students examine the geometry of navigating in a plane, and translate those geometric ideas into the language of
calculus. They then reformulate the navigation problem as a problem in calculus and attempt its solution. Extensive
use is made of graphical solution techniques through Java applets.

Later in the module, students construct a mathematical model of the output of abusiness, and examine geometrically
the associated optimization problem. Studentslearn to transform geometric observationsinto analytical statements
by extracting the mathematical principles underlying single-constraint optimization. In the later parts of the module
the instructor has the option of letting students extend the optimality conditions to include multiple constraints. The
module ends with practice problems and more applications.

The Constrained Optimization Instructor’s Manual is available at http://links.math.rpi.edu/otm/devconnect/manual §/.

e. TheElectric Potential Module**
http://links.math.rpi.edu/devmodul es/el ectromagneti sm/el ectricpotential/index.html
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This moduleis amember of the Calculug/Electricity & Magnetism groups. The problem of creating a vector field as
the gradient of ascalar function isillustrated in Electrostatics. Starting from the el ectrostatics of a single point
charge, students are led through a series of exercises, to the study of electrostatics of a more complex assembly of
point charges and continuous distribution of charges.

The moduleisvery good at using animations, interactive applets, and follow-up questioning to guide the student
through the concept of electric field potentials. Of particular interest are the appl ets that help the student actually
determine the shape and strength of afield about one or two point charges, or about aline charge.

The Electric Potential module has avery well-formed Instructor’s Manual available at
http://links.math.rpi.edu/otm/devconnect/manual §/.

VII. Summary

Project Links closely relates the instruction of topicsin mathematics to the application of those topicsin fields of
science and engineering. It doesthisthrough the innovative use of the hypertext nature of the World Wide Web,
animations, and interactive Java applets. These modules are meant to be used in an instructor-lead, studio setting.
There are currently over forty modulesin various stages of development. A consortium of expertsin the field of
education oversees the project and has confirmed the educational effectiveness of the modules. A well-established
processis now in place to encourage the development of more modulesin an ever-expanding universe of available
topics.
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Appendix

Contents
Project Links Module Groupings
by Applied Topics
by Mathematics Topics
Presentations and Publications
In-class Evaluation Forms
Long Form “Evaluation of Project Links Computer Modules’
Short Form “Project Links Student Interview Questionnaire - Fall 1999”
External Reviewer Content Evaluation Checklist

Project Links M odule Groupings

Grouping by Applied Topics

Mechanical Oscillations
Multiple Spring Mass System
Forced Spring Mass
Nonlinear Pendulum
Linear Pendulum
Spring Pendulum
Vibrating Strings
Fourier Series
Spring Mass

Probability and Statistics
Poisson & Exponential Distributions
Continuous Random Variables
Random Variable Relations
Conditional Probability
Means and Variances
Inventory Control

Electricity & Magnetism
Electrostatic Field & Potential
Faraday's Law & Induction
Electromagnetic Oscillations
Resistance & Capacitance

Transport Phenomena
Chemical Kinetics and Equilibria
Drag Forces on Solid Objects
Continuously Stirred Reactor
Sequential Batch Reactions
Flux & Surface Integration
Heat Conduction
Lake Pollution
Mass Transport
The Gradient

Linear Systems
Crystallography
Matrix Kit
Bicycle

System Design
Boundary Value Problems for ODEs
Curvature & Curve Design
Constrained Optimization

Graph Theory
Industria Drilling
Sperner's Lemma

Ampere's Law Networking
Electric Field Chemistry
Gausss Law
Grouping by Mathematics Topics
Calculus Probability and Statistics

Chemical Kinetics & Equilibria
Electrostatic Field & Potential
Drag Forces on Solid Objects
Curvature & Curve Design
The Gradient

Advanced Math M ethods
Constrained Optimization
Faraday's Law and Induction
Fourier Series
Ampere's Law
Electric Field
Gausss Law

Linear Systems
Crystallography
Matrix Kit
Bicycle

Discrete Mathematics
Industrial Drilling
Sperner's Lemma
Networking
Chemistry

Poisson & Exponential Distributions
Continuous Random Variables
Random Variable Relations
Conditional Probability
Means & Variances
Inventory Control

Differential Equations
Boundary Value Problems for ODEs
Inductance & Inductive Circuits
Electromagnetic Oscillations
Resistance & Capacitance
Continuously Stirred Reactor
Non-Linear Pendulum
Forced Spring Mass
Linear Pendulum
Spring Pendulum
Lake Pollution
Mass Transport
Vibrating Strings
Spring Mass
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Presentations and Publications

Selected presentations and publications are available online at
http://links.math.rpi.edu/webhtml/overview.html

Event

Date(s)

Presenter

American Assoc. of Physics
Teachers (AAPT)

Advisory Committee Meeting

NTU Presentation

2nd MATC Workshop

EDUCOM

ASME Conference Session:
Restructuring the Mechanical
Engineering Curriculum

ABT Site Visit

American Assoc. of Physics
Teachers (AAPT)

Mike Malak's Doctoral Thesis

Multimediain Engineering
Education conference

Long Island '99

American Assoc. of Physics
Teachers (AAPT)

Math/Science Education &
Technology (M/SET)

American Association of
Engineering Education (ASEE)

American Evaluation Association

Annual Conference

Eastern Educational Research
Association Annual Conference

April 18-21, 1997,
Washington, DC

May 2-3, 1997 at
RPI

spring 1997
broadcast

June 12, 1997 at
Villanova

November 1997
poster session

Dallas, Tx,
November 15, 1997

December 1-2,
1997 at RPI

January 3-8, 1998,
New Orleans, LA

July 1998, Hong
Kong

March 26, 1999
in Long Island

August 4-8, 1999,
San Antonio, TX

Feb. 4 - 8, 2000,
San Diego CA

June 2000, St.
LouisMO

November 1999,
Orlando, FL

February 2000,
Clearwater FL

Mike Malak, Jack Wilson

Mark Holmes

Ken Connor
Pam Kott

Bryan Tracey

Mark Holmes

Mark Holmes

Ken Connor

Bob Spilker, John Brunski

Mark Holmes

Pam Kott

Mike Malak, Joe Haus, Jack
Wilson

Michael Malak

Kongki Min, Michael Malak,
Philip Casabella, Joseph Haus,
and Jack Wilson

Bill Siegmann

Mike Malak

Ken Manning

Ken Manning

J. C. Richardson, D. L. Newman,

K. Swan

J. C. Richardson and D. L.
Newman

Materials

Java-based Interactive lllustrations for Studio
Physics

Progressto Date

Evaluation

Module Design, Interface and Standards

Authoring, Dissemination and
Commercialization

Project Links

Project Links at RPI

Designing a Framework for Multimedia
Courseware Delivered Via the Web

Project Links at RPI

Project Overview

Technical Support Group Overview

Hypermedia Modules for Electricity and
Magnetism

Hypermedia Modules for Electricity and
Magnetism

Multimedia Applications in Studio Physics
Courses

Mathematics and its Applicationsin
Enaineering and Science: Building the Links

Invited Talk
Project Links: Hypermedia Modules for
Introductory Electricity and Magnetism

Project Links: Interactive Web-bassdModules
for Teaching Mathematics and It's Applications
(see page 7, #34)

Project Links: Interactive Web-bassdModules
for Teaching Engineering
PDF format

Evaluating the Usability of Computer
Software: Constructing Users’ Cognitive
Patterns

Documenting Cognitive Patterns in Computer
Supported L earning
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American Educational Research

Association Annual Conference:

New Orleans, LA.

American Educational Research
Association Annual Conference

Conference Proceedings from
EdMedia 2000

April 2000, New
Orleans, LA.

April 2000, New
Orleans, LA.

June 2000
Montreal, Canada

J. C. Richardson and K. Swan

D. L. Newman and J. C.
Richardson

J. C. Richardson and K. Swan

Evaluating Software for the New Millenium

Documenting Cognitive Patterns in Computer
Supported Learning: The Validationof Patterns
of Usability

Evaluating Software for the New Millenium:
An Example from Project Links
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In-Class Evaluation Form —thelong form (with minor reformatting for inclusion here)
COURSE STUDENT ID
SEMESTER

EVALUATION OF PROJECT LINKSCOMPUTER MODULES

Asapart of Project Links, aNational Science Foundation-supported initiative to create hypertext instructional modules for usein
mathematics, science, and engineering courses, we are conducting an evaluation of the use of these computer modules. The
information you provide will help to further develop these modules. Y our responses are strictly confidential. Please complete the
survey and return it to the evaluator. Thank you for your cooperation.

The Evaluation Consortium at the University at Albany/SUNY .

About you. Check/completeall that applies.

Student status; undergraduate: 1% year 2™ year  3"year 4" year

graduate 1% year  2"year  3"year 4" year >4™M year
Gender: male female Birth date: month day year
Major: Minor (s):
If undergraduate student, High-School GPA: If graduate student, Under graduate
GPA:
IsEnglish your first language? (circle one) YES NO

Other Course(s) currently enrolled in:

|. Please complete thefollowing questionsrelated to the use of computerized instructional/lear ning modulesin this cour se
1. How have computerized instructional modules been used in this course? (check ALL that apply)
___inclass ____inlab ____ashomework ____instructor demonstration
____other, explain

2. When using the modules, did you work (check ALL that apply)

independently with one peer with two peers with three or more peers
other, explain

3. When using the modules, did you MOSTLY work (check ONE)
independently with one peer with two peers with three or more peers
other, explain

4. When using the modules, what kind of computer(s) did you use? (check and list ALL that apply)
Stationary personal computer, what type(s)? (e.g., Compaqg, Mac, Dell, etc.)
L aptop, what type(s)? (e.g., Mac, IBM, etc.)

Workstation, what type(s)? (e.g., SUN, IBM, etc.)

Other, explain

5. Did the computerized modul es that were used in this course encourage cooperative learning? Please explain.
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The following statements are about the computerized instructional/learning modul e(s) used in class. Please circle the number
which best reflects your thoughts.

1=strongly disagree 2=disagree 3=unsure 4=agree 5=strongly agree NA =not applicable
strongly strongly

disagree agree
I1. The module content:

1. The content is of interest to me. 1 2 3 4 5 NA
2. Theinformation presented is relevant to my academic area. 1 2 3 4 5 NA
3. Theinformation presented is relevant to the course content. 1 2 3 4 5 NA
4. The information presented is easy to understand. 1 2 3 4 5 NA
5. Theinformation presented is useful. 1 2 3 4 5 NA
6. My knowledge has increased as aresult of the modules. 1 2 3 4 5 NA
7. My confidencein the content area has increased because of the modules. 1 2 3 4 5 NA
8. Theinformation iswell organized. 1 2 3 4 5 NA
9. The modules provide opportunity to practice the content. 1 2 3 4 5 NA
10. The module content is motivating. 1 2 3 4 5 NA
[1l. Theinstructor (including TAS):

1. Theinstructor isvery knowledgeable about the topic. 1 2 3 4 5 NA
2. Theinstructor iswilling to answer questions during module use. 1 2 3 4 5 NA
3. Theinstructor interacts well with students during module use. 1 2 3 4 5 NA
4. Theinstructor is accessible during module use. 1 2 3 4 5 NA
5. Theinstructor connects modul e content to course curriculum. 1 2 3 4 5 NA
IV. Format and setting during module use;

1. The modules provide opportunities for studentsto interact. 1 2 3 4 5 NA
2. The structure of the module activitiesis appropriate for the topic(s). 1 2 3 4 5 NA
3. Thetime alotted for module use is adequate. 1 2 3 4 5 NA
4. The setting is appropriate for learning. 1 2 3 4 5 NA
5. Teaching methods suit my learning needs. 1 2 3 4 5 NA
V. Supplementary instructional materials:

1. The handouts used are necessary for module use. 1 2 3 4 5 NA
2. Thevisual aids (e.g., diagrams) used are clear and helpful. 1 2 3 4 5 NA
3. Physical models/props/apparatus used are relevant. 1 2 3 4 5 NA
4. Physical models/props/apparatus used are helpful. 1 2 3 4 5 NA
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V1. Effects of moduleintegration on students generally:

Please rank the following statements according to what you believe modules will do for most students.
1=strongly disagree 2=disagree 3=unsure 4=agree 5= strongly agree

Using the computerized instructional/learning modul es hel ps students to:

strongly strongly
disagree agree
1. Develop confidence in content area. 1 2 3 4 5
2. Think about problemsin graphical/pictorial ways. 1 2 3 4 5
3. Apply course content to new problems. 1 2 3 4 5
4. Recall course content. 1 2 3 4 5
5. Develop interest in the content area. 1 2 3 4 5
6. Work collaboratively with fellow students. 1 2 3 4 5
7. Develop attitudes of self-direction and self-responsibility. 1 2 3 4 5
8. Develop different ways of solving problems. 1 2 3 4 5
9. Develop skillsin problem-solving in the content area. 1 2 3 4 5
10. Transfer knowledge/skills to problems outside the course. 1 2 3 4 5
11. Become motivated to learn course content. 1 2 3 4 5
12. Improve grades. 1 2 3 4 5

VII. Technology:

1. Ontheline below, put a B to indicate where your confidence in using computer technology was BEFORE the
course.

low high
confidence confidence

2. Onthelinebelow, put an A to indicate where your confidence in using computer technology will be AFTER the
course.

low high
confidence confidence

3. List the computer software/hardware needed for module use during this course. Next, indicate how prepared you were
to useit at the beginning of the semester (left scale) and how prepared you are to use it now (right scale).

Software/hardware Beginning of semester Now
Unprepared Prepared Unprepared Prepared
1 5 1

TP oooT o
e el

NN NN N
WWWwwWwww
AP D
o1 o1 o1 oo

e el

NN NN N
WWWwWwww
APPARRAPMSA
g1 o1 01O oo
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4. Overall, the computerized instructional modules used during this course were valuable (circle one)

Strongly Agree Agree Neutral Disagree Strongly Disagree

VIII. Please complete the following sentences:

1. Thethree greatest benefits of the computerized modules used in this classwere......

2. Useof modulesin this course would have been more effectiveif .....

3. I'would/would not like to be in another class in which computer modules were used because....

IX. Pleasefed freeto makeany additional relevant comments here:
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In-Class Evaluation Form — the short form (with minor reformatting for inclusion here)

Project Links Student Interview Questionnaire - Fall 1999

Asapart of Project Links, a National Science Foundation-supported initiativeto create hypertext
instructional modulesfor usein mathematics, science, and engineering cour ses, we ar e conducting an
evaluation of the use of these computer modules. Asa student you areinvolved in theinitial piloting of these
modules; it isimportant for usto find out what you think about these modules. Theinformation you provide
will be used to help develop these modulesfurther. Your responsesare strictly confidential. Wewill not
sharethem with faculty or project staff in any way that identifiesyou asan individual. Only a summary of
information will be provided to the project developers.

Student Name: I nterviewer (S):

Last Four Digitsof ID #:

Lagt Four Digitsof Phone#:

Course: Time/Date:

1. First, can you describe how the modules were used in class?
[Query setting, instructor style, instructional format]

2. Inwhat way did the module(s) help you to understand and learn content material, beyond what was taught in the
lectures? Explain.

3. Inwhat way did the module(s) assist you in learning the course material? Explain.
[Query motivating, challenging, master course material]

4. What do you think were the best aspects of using the instructional module(s)? Explain.

5. What do you think were the worst aspects of using the instructional module(s)? Explain.

6. Isthere anything you would change about the module(s)? Explain.

7. Isthere anything you would change about how the instructor uses the module(s)? Explain.

8. Would you like to be in another classin which computer module(s) were used? Explain.

9. Do you have any other comments, or ideas that you feel would be helpful for usto hear?

THANK YOU VERY MUCH FOR YOUR TIME AND COOPERATION!
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