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Abstract

WebTOP is a three-dimensional, Web-based, interactive computer graphics system that helps instructors
teach and students learn about waves and optics. Current subject areas include waves, geometrical optics,
reflection and refraction, polarization, interference, diffraction, lasers, and scattering. Some of the topics
covered are suited for introductory level physics students while others are suited for intermediate optics stu-
dents. WebTOP is developed with a flexible interface to suit the various needs of instructors and students.
Many of the features lend themselves to classroom use or self-guided study. WebTOP is implemented using
VRML, Java, JavaScript, and VRML�s Java EAI.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The human visual system has the greatest bandwidth to the brain (Foley, van Dam, Feiner, &
Hughes, 1990), providing an impetus for developers and educators to use visualization techniques
when presenting complicated concepts. For instance, mathematical software packages such as
0360-1315/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.compedu.2005.06.008

* Corresponding author. Tel.: +1 662 325 2923; fax: +1 662 325 8898.
E-mail address: tm32@msstate.edu (T. Mzoughi).

mailto:tm32@msstate.edu


T. Mzoughi et al. / Computers & Education 49 (2007) 110–129 111
Maple (Garvan, 2001), MathCad (Moeller, 2002; Wieder, 1992), Mathematica (Romano &
Marasco, 2001) and SciLab (Bunks et al., 1999) have been, for years now, equipped with visual-
ization tools that can be used to display calculated results in two and three dimensions. Some of
these even allow for the generation of animations to illustrate time dependent cases. MatLab
(MatLab, 2005; Poon & Banerjee, 2001) even provides support to the Virtual Reality Modeling
Language (VRML) used in this project through its Virtual Reality Toolbox (Danielsen, Kyrkjebø,
& Pettersen, 2004).

Optics and waves are amongst the most challenging topics taught in introductory physics
courses and are ones that can benefit the most from the use of sophisticated visualization tech-
niques. As illustrated by numerous research studies, students usually have a hard time conceptu-
alizing the abstract concepts covered in these topics (Colin & Viennot, 2000; Galili & Hazan, 2000;
Horn, Leisner, & Mikelskis, 2002; Maurines, 1999, 2000; McDermott & Redish, 1999; Wittmann,
Steinberg, & Redish, 1999; Wosilait, Heron, Shaffer, & McDermott, 1999).

On the other hand, a large number of fascinating classroom demonstration experiments are
often available for lecturers to use when teaching these topics. Unfortunately, many of these
experiments require intricate setup and do not work well in large classroom settings. Many
simulations about these topics have been developed (Christian et al., 1995; Dancy, Christian, &
Belloni, 2003; Falstad, 2004; Hamam, 2003); but none offer the types of vivid illustrations that
stick in one�s mind. Vivid, accurate, interactive and well-targeted visuals are extremely important
to learning; they help stimulate several of the cognitive processes used in problem solving (Lowe,
1999; Root-Bernstein, 1987). The Optics Project on the Web (WebTOP) was developed for this
purpose: to provide the user with powerful, easy-to-use visualization tools that can be used inter-
actively to learn about waves and optics.

WebTOP is a Web-based 3D interactive computer graphics system that simulates optical and
wave phenomena and contains relevant curriculum content (Foley, Banks, Chi, & Mzoughi,
2000, 2003; Mzoughi, Foley, Herring, Morris, & Wyser, 2005; Vidimce, Foley, Banks, Chi, &
Mzoughi, 2000). Its purpose is to help students and teachers better understand these phenomena.
It is designed to be flexible, allowing faculty and students to use it in a variety of ways. Currently,
WebTOP includes 17 different modules: Waves, Lenses, The Eye, Reflection and Refraction-
Vectorial, Reflection and Refraction-Waves Two Media, Reflection and Refraction-Waves Three
Media, Planar Waveguide, Polarization, Michelson Interferometer, Fabry-Perot Etalon, Fraun-
hofer N-Slit, Transmission Grating, Rayleigh Resolution, Fresnel Single Slit, Fresnel Circular,
Scattering, and Lasers.

All of the modules share certain basic features. Each includes the simulation, an overview of the
theory behind the topic, a set of example sessions that can be replayed, and a set of suggested exer-
cises. In addition, WebTOP-based, guided tutorials are under development. The project currently
runs under Internet Explorer with the Blaxxun Contact plugin (Blaxxun, 2004), and the Microsoft
Java virtual machine and is available at http://webtop.msstate.edu.
2. Related work

As mentioned earlier, other optics and waves simulations have been developed, most as part of
a comprehensive physics curriculum. The best known in the physics community are the waves and
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optics simulations of the Physlets curriculum developed by Wolfgang Christian and his collabora-
tors (Dancy et al., 2003; Physlets, 2005). The Physlets simulations are written in Java (JAVA,
2005), and the depicted diagrams are similar to textbook representations. These simulations are very
interactive, but they lack the visualization capabilities of WebTOP. Since the Physlet curriculum is
not focused on optics and waves, its coverage of these topics is not as thorough as WebTOP�s
coverage.

Another physics curriculum that includes optics and waves is the Constructing Physics Under-
standing (CPU) curriculum (Learning Team, 2005; Otero, Johnson, & Goldberg, 1999). The CPU
Light and Color unit of this curriculum is very effective in helping students forgo their misconcep-
tions of some of the topics, and in building a solid understanding of the topics covered. The visu-
alizations used are again similar to textbook representations. The CPU curriculum is a
commercial product intended for high school teachers and students, and the coverage is limited
to introductory topics.

In addition, several authors have developed stand-alone optics and waves simulations. Most
noteworthy are those of Hamam (2003), Huang (2005), and Falstad (2004). Hamam and Huang�s
simulations cover diverse topics, including some advanced topics. Neither of them focuses on visu-
alization. The graphics are simple and similar to textbook illustrations. They both lack curriculum
to support the simulations. Most of Falstad�s simulations were developed in Java 3D. Despite this,
they do not employ sophisticated visualization techniques, and there is no supporting curriculum
material. None of the resources listed so far uses VRML.

VRML has been used by many authors to develop content for teaching science, social science,
design, and engineering content. The VRML Gallery of Electromagnetism (Salgado, 2004), for
example, is an exhaustive showcase of more than 40 visualizations of electromagnetic phenome-
non. While these ‘‘static’’ models clearly provide insight into this subject, they do not allow user
interaction beyond the usual VRML exploration methods (rotation, pan, and zoom of the three-
dimensional scene). A more involved application of VRML is described by Ihlenfeldt and Engel
(1998). In this case, VRML, Java and External Authoring Interface (EAI) are used to visualize
and manipulate complex molecules. Casher takes this further by describing the use of VRML
for data mining, illustration of chemical processes, and lifelike rendition of intricate laboratory
settings (Casher, Leach, Page, & Rzepa, 1998). The use of VRML to simulate a laboratory envi-
ronment is also described by Avradinis, Vosinakis, and Panayiotopoulos (2000) for a physics lab-
oratory. One of the most comprehensive uses of VRML was directed by the World Wide Web
Instructional Committee at North Dakota State University (Borchert et al., 2001, Borchert, Berg-
strom, & Brandt, 2003). The committee directed an interdisciplinary group of students, faculty,
and staff members in the creation of several immersive virtual worlds for use in education. These
included modules for geology, cell biology, anthropology and economics. Their research data
shows a significant improvement in learning when using the immersive virtual worlds (McClean,
Saini-Eidukat, Schwert, Slator, & White, 2001).

Furthermore, Ong and Mannan (2004) reported developing a system using the same simulation
and interactivity techniques used in WebTOP. Their system was designed to help teach the control
of numerical automated machine tools. They use a combination of VRML, Java EAI, Java and Java-
Script to allow the user control over the simulation, but they put little emphasis on visualization.

Another interesting project that uses techniques similar to those of WebTOP is the Web-based
Standard Educational Tools (WebSET) project (Dodd, Riding, & John, 2002; John et al., 2001).
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The project has developed a standardized suite of interactive three-dimensional Web-based educa-
tional tools. The authors claim that the tools are applicable to wide range of applications. The focus
of their work is on medical training. Like WebTOP, WebSET allows users to store their interaction
with the simulation. It uses a combination of Java, VRML and EAI to provide a highly interactive
environment. Most importantly, unlike WebTOP, WebSET is focused on providing a multi-user col-
laborative environment. The products developed within the WebSET project have been commercial-
ized as GridSET. They are available on the GridSET website (GridSET, 2005).

Like many of the systems described, WebTOP uses a combination of VRML, Java EAI, Java
and JavaScript. The design allows the user to control all variables in the simulation and to thor-
oughly explore each concept.
3. Overview of WebTOP

3.1. Educational considerations

The main motivations for developing WebTOP are: (a) to create materials that help increase
student understanding of topics in the subject areas of optics and waves and (b) to make it easy
for students and teachers at various levels to use these materials. In order to do that, we adopted
four educational goals. The first two goals focused on the learning aspect, and the last two ad-
dressed the usability issue. To facilitate learning, one goal was to provide simulations that produce
vivid, intuitive, and interactive representations of the concepts covered. A vivid and intuitive visu-
alization fosters retention. Similarly, if the simulation is interactive, the student can look at the
phenomena from the desired viewpoint and use the desired parameter values. Interaction helps
the students get more engaged into the learning process. The second learning goal was to ensure
that the simulations accurately and unambiguously depict the phenomena being considered. If a
simulation is inaccurate, the wrong things are learned. If it is ambiguous, the student learns noth-
ing and may become frustrated or lose confidence.

In regards to usability, one goal was to ensure that simulations and the content provided with
the simulations are adaptable to the various needs of students and teachers. The second goal was
to ensure that the final product is compatible with commonly used delivery mechanisms, e.g. CDs,
the Internet, Online Homework Systems, Guided Tutorial formats, etc.

3.2. Modules

A WebTOP module consists of a simulation as well activities that support the use of the sim-
ulation. The simulation is made of three parts (see Fig. 1): the 3D scene, the console, and the
recording panel.

3.2.1. 3D scene
The 3D scene is the part of the WebTOP window in which the simulation is presented. The

Navigation Icons provide easy-to-use navigation through the three-dimensional space. The
arrows icon allows the user to zoom into and out of a scene. The small, checkered ball allows
three-dimensional rotation, and the crossed arrows icon allows the user to pan the scene around



Fig. 1. A typical WebTOP module. The five parts of the window are identified, as well as the three widgets of this
module.
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a two-dimensional plane. The Scene also contains widgets, which are pieces of geometry that
allow the user to change the parameters of the simulation. For example, in Fig. 1 there is a wheel
widget which can be spun to control the wavelength of the light. Likewise, the positions of many
scene elements can be changed using a widget. Observation screens, which are used in many mod-
ules, can be moved by dragging their red double cone widget. The width of a slit can be changed
by a similarly designed double cone widget.

3.2.2. Console
Another important part of a module is the Java Console, which allows for user input to the

simulation. It often contains number boxes that control numerical parameters such as wavelength,
aperture size, or angle of incidence. This panel may also contain other controls such as drop down
windows which allow a choice from a list of options. These choices may be the type of lens: con-
cave, convex,..., the image quality: very high, high,..., lowest. The console allows the user to con-
trol the parameters of the simulation in a more precise manner than the widgets.

The console also provides (a) context sensitive help on the use of the widget, (b) error messages
when invalid parameter values are entered, and (c) readings from the sensors used in some of the
simulations.

3.2.3. Recording Panel
The Recording Panel occupies the bottom part of the WebTOP window. It contains VCR-like

controls that allow the user to record a WebTOP session as an XML-formatted script and then
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play the script back at a later time. The scripts are recorded as .wsl files (WebTOP scripting lan-
guage files). They record (a) each action performed, e.g., a parameter or viewpoint change, and
(b) the time that has elapsed since the last action was performed. These files are human-readable
and easy to edit, allowing the user to adjust parameter values, viewpoints, and the rate at which
actions are performed during the playback.

The ability to record a script for later playback is useful in a number of situations. For example,
in a class presentation that involves a series of events, a professor can record his session as a script
before class, and then simply play the script in class, instead of having to perform each action in
real-time. Homework is another area of use. Students can be assigned problems in which they
must interact with a module in order to gain understanding of the underlying physics. These inter-
actions can be saved as a script and e-mailed to the professor for grading.

Another use of WebTOP scripts is to facilitate the design of WebTOP-based Web pages and
tutorials. The script can be used as a parameter in the Java applet tag of the WebTOP module.
When a script is used this way, the page loads with the initial configuration of the script instead
of the default configuration of the module. For example, a script can be used to design a Web
page that discusses diffraction from a single slit by using the N-Slit module with a script that in-
cludes only one slit.

3.2.4. Activities
Each of the WebTOP modules includes the following activities: a theory section, examples,

and exercises. Some modules, e.g. the Fresnel Single Slit module in Fig. 1, provide still images
and QuickTime movies. The theory section includes the concepts and equations used in
designing the simulation. The examples are a set of pre-recorded sessions stored as scripts.
A description of each session is provided along with a play button that can be used to invoke
the script. Users can also download such scripts. While similar in coverage to end of chapter
problems, the exercises are designed to be inquiry based. Users need to use WebTOP to
answer the questions.

In addition, we are working with colleagues from seven other institutions to develop a set of
WebTOP based guided tutorials. These tutorials will take students through the material step by
step, providing visual examples and inquiry-type exercises designed to enhance the theory beyond
the capability of a traditional textbook.

3.3. Development

WebTOP is implemented using VRML, Java, VRML�s Java EAI, and JavaScript. The three-
dimensional rendering is done with VRML. The result is what is referred to as the scene in
Fig. 1. The calculations are performed in Java. The console interface and the scripting are also
done in Java. EAI is used to provide the two-way communication between VRML and Java.
EAI is what enables a change in a widget to affect a calculation which in turn produces a new ren-
dering of the scene. JavaScript is used to control some of the behavior of the VRML scene.

In developing WebTOP, an attempt was made to make it modular and easily expandable. The
result is a highly organized software system. Duplicate code is minimized through the use of
libraries. These manage Java–VRML interaction, widget creation, animation, scripting, common
look-and-feel, and common mathematical functions.



116 T. Mzoughi et al. / Computers & Education 49 (2007) 110–129
For example, the use of a common set of widgets across modules decreases the slope of the
learning curve for new users, and at the same time makes maintenance easier. Programmatically,
these widgets are kept in a single file, Widgets.wrl, and each module that needs to use one can do
so through the use of VRML�s EXTERNPROTO function. Similarly, there are a number of
shared resources available in the ‘‘util’’ library. The AnimationEngine, for instance, is used in five
different modules. It is a thread-safe general purpose animation controller which provides the pro-
grammer clean access to Play, Pause, and Step constructs, as well as control of the animation�s
period.

Another important implementation component is the WApplet base class. This class imple-
ments features common to all modules. These include setting up the Navigation Panel and
WSL Panel; managing the scripting of widgets, number boxes, and other user input; and provid-
ing commonly used EAI functionality. The WApplet class is a relatively new addition to Web-
TOP, but it has already proven able to drastically reduce the size and complexity of a given
module. The Fabry Perot module, for example, is now only 260 lines of Java code, as compared
to the previous version�s 800 lines. All a programmer must do to begin implementation of a new
module is to define the number boxes and widgets, connect them together using WebTOP coupler
and scripter objects, fill in setupVRML() and setupGUI() methods, and define any methods nec-
essary to perform module-specific math.
4. Implementation

4.1. The modules

In each of WebTOP�s 17 current modules, an attempt was made to ensure that the visualization
used is both pedagogically sound and physically accurate. The methods used in visualizing the
phenomena can be grouped in five different types: the waves technique, the field vector technique,
the spot diagram technique, the intensity technique, and the image technique.

4.1.1. The waves technique
The waves visualization technique is used in four modules: Waves, Reflection and Refraction –

Waves Two Media, Reflection and Refraction – Waves Three Media, and Planar Waveguide.
With this technique, the waves are shown as ripples in a pool of water. The amplitude of the wave
is represented by the height of the water level. Animation is used to illustrate wave propagation.

Fig. 2 shows an example simulation from the Waves module. In this module, one or more
monochromatic point sources and/or line sources can be placed on the surface of the water.
The resulting disturbance is shown either as a still picture or as traveling waves. A widget is
associated with each point source, allowing the user to interactively change the source position
and the amplitude, wavelength, and initial phase of the generated wave. Similar widgets allow
the user to change the parameters of each line source. In addition to the sources, the user can
add one or several sampling sticks. When active, the sampling stick provides a readout of its
position and the amplitude of the wave at that position. When inactive, the stick turns into
a floating red ball, like the ones shown at the foreground of Fig. 2, visually illustrating the
changes in the wave amplitude.



Fig. 2. The Waves module. Two point sources (in the background) create a series of maxima and minima on the surface
of the ripple tank. The first, third, and fifth floating red balls are at locations where constructive interference is
occurring. The second and fourth balls are at places where destructive interference is occurring.
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When compared to the still pictures provided in books or to two-dimensional simulations, the
3D model used in the Waves module allows the learner to gain a better feel of the actual wave
form. For instance, a position of constructive interference is clearly a location where the water
level rises and falls with maximum amplitude, and a position of destructive interference is a place
where the water level does not change. More importantly, the user can then find out that there is a
gradual shift from a position of constructive interference to a position of destructive interference.
Use of the sampling stick can help enhance the visualization and provide readout of the actual
changing amplitude. Additionally, as shown in Fig. 3, the simulation allows the visualization
of phenomena that can be very difficult to visualize in two dimensions. In this case, the simulation
depicts the superposition of two linear waves traveling in different directions, and the resulting
wave travels in a third direction.

In the case of the Reflection and Refraction – Waves Two Media Module a monochromatic
plane wave incident upon a planar interface separating two media with different indices of refrac-
tion is displayed. Textbook figures and most simulations available online depict this by simply
drawing three vectors, namely the wave vectors for the incident, reflected, and refracted waves.
Fig. 3. The Waves module. Two line sources create waves that travel towards the upper left and upper right hand
corner of the wave pool picture, respectively. The resultant wave travels straight upward.
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As shown in Fig. 4, in addition to the wave vectors, a WebTOP user sees the actual wave as it
propagates. Furthermore, the user can choose to display the incident wave, the reflected wave,
or the superposition of the two in the first medium. In addition to providing the user with more
thorough understanding of the concept of reflection/refraction, the module this way helps the stu-
dents reinforce their knowledge about wave superposition as covered in the Waves module.

Fig. 5 illustrates another use of the waves technique. In this case, the module used is the Reflection
and Refraction – Waves Three Media module, an extension of the Waves Two Media module. This
module has three media instead of two, and the indices of refraction of each medium can be varied
Fig. 4. The Reflection and Refraction – Waves Two Media module.

Fig. 5. The Reflection and Refraction – Waves Three Media module. Frustrated total internal reflection is depicted.
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separately. The thickness of the middle medium can also be changed. The situation shown in the fig-
ure is what is referred to as frustrated total internal reflection. We are not aware of other simulations
or figures that allow the user, as in Fig. 5, to vividly observe the wave decay in the second medium and
emerge again in the third. Moreover, the interactive nature of the module allows the user to modify
the parameters and identify the factors that affect the observed phenomenon.

4.1.2. The field vector technique
The field vector visualization technique is used in three modules: Reflection and Refraction –

Vectorial, Polarization, and Scattering. In this case, the electric field vectors are rendered in real
time at predefined observation points. This is particularly useful for illustrating the changes in the
polarization of the waves. To enable further analysis, for the first two of these modules, a button
allows the user to toggle between viewing the composite electrical field vector or one or both of its
components.

An example of a module using this technique is the Reflection and Refraction – Vectorial mod-
ule (see Fig. 6). This module simulates the incident, reflected, and refracted electric field vectors
generated when a monochromatic plane wave is incident upon a planar interface that separates
two media with different indices of refraction, or when unpolarized incident light is used. The user
controls the characteristics of the incident light and the indices of refraction of the two media.
This allows several important phenomena to be simulated, including total internal reflection,
polarization upon reflection, and the various cases of phase shifts upon reflection. The user can
even slow down the animation to more closely examine the behavior of the waves. As can be ob-
served from Fig. 6, the wave forms depicted cannot be easily represented in two dimensions. Fur-
thermore, these complex, rich illustrations are bound to form a more lasting impression in the
mind of the user.

A second example of this technique is the Polarization module. The module simulates the prop-
agation of the electric field vectors of polarized or unpolarized light, and the effects of various
optical elements, e.g. linear polarizers and wave plates, on the state of polarization of the light
(see Fig. 7). The user can add as many optical elements as is desired and control the properties
of the incident field and the characteristics of each optical element. A history feature allows the
user to trace the path followed by the tip of the electric field at, respectively, the initial and final
observation positions. This provides an additional visual cue as to the nature of the wave and pro-
vides an additional way of explaining the names used to describe waves of various types of
polarization.

4.1.3. The Spot Diagram technique
The Spot Diagram visualization technique is used in the Lenses module. This module simulates

the behavior of light rays as they pass through a system of lenses and stops on an optical bench
(see Fig. 8). The user can choose from amongst several different objects and can put an unlimited
number of lenses and stops on the bench. The position, diameter and focal length of each lens can
be varied interactively, as can the position and diameter of each stop. Each point source on the
object emits a large number of rays in random directions, and these rays travel through the system
according to the laws of paraxial geometrical optics. When a ray hits the movable observation
screen, that ‘‘spot’’ on the screen is lit. In this way the user sees a spot diagram that illustrates
where the rays have hit. This technique helps the user appreciate the fundamental processes



Fig. 6. The incident, reflected, and transmitted electric field vectors when circularly polarized light is incident (from the
left) from air onto glass at the polarization angle (Brewster�s angle). The reflected light is linearly polarized. The large
arrow denotes the normal to the planar interface.

Fig. 7. The Polarization module. Right circularly polarized light, traveling from right to left, is incident upon a linear
polarizer. The resultant linearly polarized light is then incident upon a quarter-wave plate, creating left circularly
polarized light.
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Fig. 8. The Lenses module. The location of the observation plane does not coincide with the image plane.
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involved in image formation. For example, it easier with this technique to understand why an im-
age gets dimmer, instead of getting partially obscured, when part of the lens is blocked. As shown
in Fig. 9, a rotating object helps users understand the concepts of depth of field, i.e., why parts of
an object are in focus while others are not. Position sensors on the object allow the reader to map
the object and use the data to make calculations and justify the observation.

4.1.4. Intensity technique
The intensity visualization technique is the technique used most often in WebTOP. It is used in

the Michelson interferometer, Fabry–Perot Etalon, Fraunhofer N-Slit, Transmission Grating,
Rayleigh Resolution, Fresnel Single Slit, Fresnel Circular, and Lasers modules. As an example,
Fig. 10 shows a simulation of light from a monochromatic point source incident upon a Michel-
son interferometer. The resulting intensity pattern is displayed on an observation screen, and the
intensity as a function of position is shown as a graph above the observation screen. The param-
eters that can be varied are the wavelength of incident light, the rotation angle of the tilt mirror,
and the position of the translation mirror. Positioning the mouse over the screen provides a read-
out of the intensity of the light at that particular position. Typical textbook graphics and simu-
lations are limited to showing a diagram of the apparatus and a snapshot of the pattern
obtained for a specific set of parameters. The simulation allows the observation of the intensity
pattern and manipulation of the parameters. The simulation allows the user to get a feel of the
behavior of the apparatus. This module is particularly useful for supplementing laboratory activ-
ities that use a Michelson interferometer.

Similarly, the Transmission Grating module is useful for supplementing spectrometry labora-
tory activities. This module simulates light from a discharge tube incident upon a diffraction grat-
ing. The resultant intensity pattern is displayed on a semicircular observation screen. The user can
choose from amongst several standard discharge tubes (hydrogen, helium, mercury,. . .) or create a
source with a spectrum he provides. The user also controls the number, width, and separation of
the grooves of the grating. In the laboratory, the module can be used to observe a particular



Fig. 9. The Lenses module. Only the top dots of a rotation source are in focus.

Fig. 10. A Michelson interferometer with monochromatic light incident from the right.
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spectrum, identify the position of the various lines and then use the actual apparatus to view the
spectrum. This is particularly useful when the line is faint.

Another example illustrating this technique is the Rayleigh Resolution module. In this module,
monochromatic light from two distant point sources separated by a small angle is incident upon a
lens (see Fig. 11). The resulting intensity pattern is viewed on an observation screen positioned in
the focal plane of the lens, and a graph of the intensity as a function of position across the center
of the pattern is displayed above the observation screen. The user can vary the wavelength of the
light, the angle between the sources, and the diameter of the lens. Each image is, in fact, a small
diffraction pattern, and by varying the parameters, the user learns how they affect whether or not
the two images can be resolved. Again, text book illustrations are usually limited to a couple of



Fig. 11. The Rayleigh Resolution module. The angular separation of the two distant sources and the wavelength of the
light is such that the two images are said to be ‘‘barely resolved.’’
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snapshots; one showing resolved images and one showing images that are not resolved. The sim-
ulation allows the user to see the gradual change from resolved to not-resolved, the effect of
changing the diameter of the lens, and the effect of changing the wavelength of the light (see
Fig. 11).

4.1.5. Image technique
The image visualization technique is used in the Eye module. The module simulates the forma-

tion of images in the human eye (see Fig. 12). It can also be used to show the effects of hyperopia,
presbyopia, and myopia. The consequences of these conditions can then be corrected by the addi-
tion of an eyeglass or contact lens. The eye looks at an object that can be moved, and the resultant
change of the image on the retina is simulated. Markers are used for the near point and the far
point of the eye. When corrective lenses are used, the new near and far points are also shown.
The user can also change the physical dimensions of the eye and observe the effects of that change.

4.2. Using WebTOP for teaching

WebTOP is designed to be used in class and outside of class. It is currently being used in more
than twenty five universities in introductory physics classes (both algebra and calculus based) and
in upper-level undergraduate optics courses.

WebTOP can be used for in-class demonstrations. Its three-dimensional nature allows the pre-
senter to show the phenomenon from the most advantageous viewpoint. The ability to change the
values of all the relevant parameters in a simulation allows the instructor to show, in real time, the



Fig. 12. The Eye module. The image to the left shows an image of a model of the eye with a focused image of an arrow
on the retina. The image to the right shows the same model with the image focused behind the retina.
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effect of changing each parameter in a way that can be clearly seen by the students, even in large
lecture halls. WebTOP can be used in addition to, or instead of, regular equipment-based
demonstrations.

More importantly, using WebTOP for in-class presentations lends itself to Interactive Lecture
Demonstration type activities, providing an ideal mechanism for creating an active classroom
learning environment (Sokoloff & Thornton, 1997). Students are asked to predict the outcome
of the demonstration and to justify their answers. Following the ensuing discussion, the teacher
can then demonstrate the phenomenon. In cases when most of the students provide wrong predic-
tions, the teacher can ask them to help justify the correct answer.

Furthermore, WebTOP can be used for homework. Students can use WebTOP to help verify
the answers they get in regular end of the chapter problems. Additionally, teachers can assign
some of the suggested WebTOP-based problems provided in the ‘‘Exercises’’ section of the mod-
ules. In this case, the students can be asked to analyze certain situations, produce numerical or
qualitative answers to questions, and then use WebTOP to simulate the situation and check their
answers. The students can be asked to turn in their written answers to the questions, relevant
screen captures from WebTOP modules, or WebTOP scripts. Homework can also take the form
of an online tutorial. Students can be asked to learn about a particular topic by completing an
online WebTOP guided tutorial. The tutorial can be assigned before or after lecture instruction.

WebTOP can also be used to supplement laboratory activities. It can be used in pre-lab activ-
ities to help explain the phenomenon that is going to be investigated in the lab. It can be used
during the lab to compare actual data to the simulation results and to help draw inferences
when equipment limitations occur. For example, a student can run a laboratory on the interfer-
ence of light from two slits, and at the same time simulate the situation using WebTOP. Web-
TOP will allow him to see the slits being moved as he pulls on the widget attached to one of
them, thus building his intuition about what will happen. Secondly, WebTOP allows him to
vary certain parameters (e.g. the wavelength of the incident light) that are difficult to vary in
the actual lab.



Fig. 13. WebTOP CD-ROM splash screen.
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Finally, WebTOP can be used for student projects. Students can work in teams or individually
on particular problems and use WebTOP to help illustrate their presentations and reports.

4.3. Products

In developing WebTOP, our aim was to provide it free of charge to all interested users. All
modules are easily accessible from the WebTOP website at http://webtop.msstate.edu. A full
download of the WebTOP website is also available at the site. We have also developed an
‘‘Introduction to WebTOP’’ tutorial that guides users through the various modules of WebTOP.
Furthermore, we have developed a CD-ROM that we distribute when giving presentations at con-
ferences and when holding WebTOP workshops. A snapshot of the CD-ROM opening screen is
shown in Fig. 13.
5. Evaluation

WebTOP is designed to be used to supplement other learning tools like lectures, homework,
laboratory activities, and demonstrations. For this reason, we believe that any authentic assess-
ment of WebTOP should be in that context. We did that by getting feedback from instructors
who taught waves and optics topics with and without WebTOP and by collecting end-of-semester
student surveys from students at Mississippi State University. The teacher feedback was informal
and was used quite often in the development process. All the teachers spoke very positively about
WebTOP and the way it helps them demonstrate important concepts. Some noted that, since

http://webtop.msstate.edu
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adopting WebTOP, they have noticed a distinct performance improvement by their students in the
waves and optics portion of their classes.

Student surveys were completed in six sections of our calculus-based introductory physics
course and two sections of our algebra-based introductory course over the last three years. The
eight sections had a total of 386 students.

WebTOP was used in these classes in the two ways. First, it was used to simulate wave and opti-
cal phenomena in class. Secondly, the students were required to do two homework sets in which
they needed to use WebTOP. In the homework problems they were asked to analyze certain situ-
ations, produce numerical or qualitative answers to each question, and then use WebTOP to sim-
ulate the situation and check their answers. The students then turned in their written solutions and
a screen shot of the WebTOP simulation of each problem.

In the student evaluation of WebTOP performed at the end of each semester, the students were
asked, ‘‘How useful did you find the WebTOP demonstrations during class for visualizing and
understanding the optical phenomena in this course?’’ The classes were very consistent in respond-
ing that they found the in-class demonstrations ‘‘very useful’’ (see Table 1). The students were also
asked, ‘‘How useful did you find the WebTOP homework for visualizing and understanding the
optical phenomena in this course?’’ In this case they rated WebTOP somewhere in between ‘‘very
useful’’ and ‘‘pretty useful’’ (see Table 2).
Table 1
Student responses to Question 1 of the WebTOP evaluation questionnaire (Scale: 5 = very useful, 4 = pretty useful,
3 = somewhat useful, 2 = hardly useful, 1 = not at all useful)

Class – Question 1 Mean SD Students

Cal based Group 1 4.56 0.69 43
Cal based Group 2 4.53 0.57 55
Cal based Group 3 4.51 0.54 47
Alg based Group 1 4.54 0.63 52
Alg based Group 2 4.51 0.64 53
Cal based Group 4 4.44 0.60 34
Cal based Group 5 4.57 0.60 51
Cal based Group 6 4.59 0.60 51

Table 2
Student responses to Question 2 of the WebTOP evaluation questionnaire (Scale: 5 = very useful, 4 = pretty useful,
3 = somewhat useful, 2 = hardly useful, 1 = not at all useful)

Class – Question 2 Mean SD Students

Cal based Group 1 4.37 0.72 43
Cal based Group 2 4.27 0.72 55
Cal based Group 3 4.17 0.91 47
Alg based Group 1 4.17 0.99 52
Alg based Group 2 4.33 0.73 53
Cal based Group 4 4.29 0.71 34
Cal based Group 5 4.33 0.70 51
Cal based Group 6 3.98 1.02 51
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WebTOP has also been used and evaluated twice in our junior/senior level optics course. It was
used for in-class presentations, for homework by the students, and for class projects. The ques-
tions in the evaluation questionnaire were long-answer, not numerical. The responses of the stu-
dents were very positive; each student both semesters answered affirmatively to the question ‘‘Did
you find the software useful for visualizing and understanding the optical phenomena considered
in this course?’’
6. Conclusions

WebTOP uses Web3D technology to simulate optical and wave phenomena. The simulations
results in vivid images depicting the various phenomena in an environment that promotes inter-
activity and inquiry. Each of the simulations is supported by a theory section, examples and exer-
cises. Users of various backgrounds, from high school students to professionals in the field, have
used it to illustrate and investigate the various topics covered. Educators have been able to use it
in diverse settings and to serve different needs from homework assignments and laboratory activ-
ities to a thesis defense. Yet, WebTOP is an unfinished project and we are still facing several chal-
lenges. Most of the difficulties we encounter are due to the evolution and the lack of standards in
some of the required Web-based technologies. For instance, there is currently no VRML browser
which supports EAI interaction via Sun�s Java Virtual Machine. This will be the only Java Virtual
Machine after Microsoft�s Java Virtual Machine reaches its end of life in late 2007 (Microsoft,
2004). The VRML standards are superseded by a new set of standards called X3D (X3D,
2005). Fortunately, according to currently published literature (VRML vs. X3D, 2005), the tran-
sition from VRML to X3D will not be very difficult. Furthermore, in X3D, EAI will be replaced
by the Scene Authoring Interface (SAI), a standard that promises not to be based on the Java
Virtual Machine or the browser used. We will port WebTOP to X3D when sufficient X3D based
applications become stable and available. In the mean time, we continue to develop new modules,
and we are working on publishing our source code for users interested in expanding the project
findings and technology to other topics.
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