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Squeak Interactive Web Activities Developed for the NASA Center for Distance Learning

Randall Caton, NASA Langley Research Center and Christopher Newport University

Abstract

Squeak is a free open-source programming environment that runs on 12 platforms and can be used to construct active learning environments. Squeak can be programmed by experts or by novices using graphical programming tiles. Everything in the Squeak world is an object. Each object has properties and can send messages to other objects. The objects are like actors on a stage. Each object can be imbued with actions that create interactive experiences for learners. In this paper we present interactive web activities created for the NASA Center for Distance Learning and discuss evaluation based on classroom use.

NASA Center for Distance Learning
The NASA Langley Center for Distance Learning (CDL) is a joint venture between Christopher Newport University and the NASA Langley Research Center’s Office of Education. The programs offered by the NASA Langley CDL combine the power and strength of several educational technologies to reach millions of educators, students, parents, faculty, and adult (life-long) learners. These Emmy® award-winning programs are research and inquiry-based; use NASA knowledge to increase scientific literacy; stimulate student interest in science, technology, engineering, and mathematics (STEM) and STEM careers; and seek to remove barriers to and increase minority and female participation in STEM. The interactive Squeak web activities complement the broadcast and classroom activity portions of the CDL programs.

Squeak Development

We start with the development of Squeak to provide a high-level overview of the tool. Squeak is an outgrowth of the original object-oriented programming language Smalltalk. In 1995 Alan Kay, Dan Ingalls, Ted Kaehler, John Maloney and Scott Wallace set out to develop a free, open-source programming environment based on Smalltalk following Alan Kay’s idea of the Dynabook as a personal computing environment with dynamic media for all ages. They developed a virtual machine in Smalltalk and a Smalltalk to C converter. Then virtual machine could be converted to C and run on many different platforms. When used, Squeak becomes the operating system. Squeak, which currently runs on 25 platforms, including the Sony Playstation, has the advantage that it looks the same on any platform. Reusable objects called morphs are continually being developed and added to the dynamically growing Squeak environment. The morphs are added to the image of Squeak, which contains all the Squeak objects. Squeak Etoys were created specifically to allow young learners to work with difficult concepts in a multimedia environment, where they can create worlds by manipulating graphical programming tiles called tiles. Alan Kay has set up a web site (www.squeakland.org) where users can download the latest Squeak images, including new Squeak objects, and bug fixes for a variety of operating systems. Squeakland caters to the novice and the web site is replete with tutorials and examples that are very helpful in using Squeak. There is also a Squeak users group. Alan Kay and his colleagues have used Squeak with many young learners in California schools. Numerous project titles and descriptions are posted on the web site.

Squeak Basics

Users of Squeak can equally well be the student or the teacher. In fact, the line between student and teacher can become blurred in a positive way as both become adventurers in learning. Squeak is like a giant sandbox where the learner can play and use the tools to construct a variety of learning experiences. The number and variety of learning experiences is limited only by the user’s imagination. Play is a very important part of the learning process. Playing in the Squeak environment can be very challenging and Alan Kay, the creator of Squeak, refers to it as “hard play” as opposed to “soft play”. In the Squeak environment, the user is always challenged to be creative and learn from exploration, because “authoring is always on”. The user can easily take apart any project and create their own project using the Etoy tiles.

Imagine you have written and wish to produce a play. The objects are the actors and Squeak allows you to easily program their actions. The Squeakland implementation of Squeak comes with ready-to-use objects in a handy container in the Supplies Flap called the Object Catalog (see screen capture below). Users can simply drag the Catalog onto the work space and choose from a variety of text, graphic, multimedia, communication, and complex objects. The objects, which are actually morphs, are dragged onto the workspace ready to use. Users can easily access a surrounding halo of menu items associated with the object. One of the most useful menu items is to open a Viewer, which contains graphical programming tiles that can make the object perform a variety of actions. Notice the icon on the upper-left of the halo surrounding the yellow ellipse on the screen capture and the valuable balloon help indicating the Viewer. Some of the basic programming tiles available to the simple ellipse object can be seen in the upper right portion of the screen capture. The object can make a variety of sounds, move forward by any amount, turn by any amount, move to any x or y position, or change its heading. There are 12 or more menus of programming tiles that can be used to make each object carry out further actions.
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The program to produce the play you are directing is started by dragging one of the tiles out onto the workspace. A program that will turn the yellow ellipse 5 degrees appears under the yellow ellipse in the screen capture. Once you start, your project is limited only by your imagination. The variety of multimedia tools (morphs) available in Squeak allows the user to build very complex things. For general overviews about the Squeak programming environment, see the books by Guzdial [2001] and Guzdial and Rose [2002].

STEM Learning Philosophy
Scientists explore the Universe. Science progresses by deconstructing a part of the Universe to learn how it works (like taking apart a clock). Then scientists reconstruct that part of the Universe by building a model. They push the model forward by constructing an experiment designed to further test the validity of the model. For example, when scientists prepare a lump of thorium hydride to study its superconductive properties, they are already assuming a well-established deconstruction of the material into atoms and electrons. If they further study the material with x-rays to determine the arrangement of atoms they are using the deconstruction that solids consist of atoms sitting on a lattice of three-dimensional sites. They will push the model of superconductivity, which attributes superconductivity to an interaction between ions on the lattice sites and the electrons running freely throughout the solid, by constructing an experiment where they replace the hydrogen by deuterium. The temperature at which the material becomes a superconductor is observed to drop and the validity of the model has been extended. Engineers take the models and constructs of scientists and construct artifacts that are useful to society. The constructs of the transistor and the laser have allowed engineers to construct many valuable artifacts, such as computers and laser scalpels. The processes of deconstruction, reconstruction, and construction are higher-order thinking skills that run throughout STEM careers.
Squeak and Learning Philosophy

Squeak can be used in a variety of ways to enhance the learning environment. John Steinmitz, in a contributed chapter (Guzdial and Rose 2002) on pages 453-82, has identified three important uses of Squeak to promote learning in his section entitled Computers and Squeak as Environments for Learning. First, a learner running Squeak on a computer can experience the fun of learning by creating or seeing multiple representations of the same process (e.g., creating a circle in different ways which facilitates understanding the circle at different conceptual levels). Second, Squeak supports dynamic processes implemented with multimedia (e.g., a simulation or play). Third, Squeak allows new approaches to learning (e.g., creating an active book where the learner is engaged by interacting with programs on the pages of the book).

The promise of Squeak as a technology tool for enhancing and enriching teaching and learning is its interactivity provided by the “authoring is always on” philosophy. Authoring is a creative higher order learning process. We can use Squeak to engage young learners in a process similar to that used by STEM researchers, which was described in the section above. This can inspire young learners and help prepare them for STEM careers. The learner can completely dissemble and rebuild any project for a valuable learning experience. Learners using Squeak can engage in the deconstruction, reconstruction, and construction processes of STEM. Because Squeak projects can be served over the Internet, the audience for this creative type of learning is potentially very large. Learners can build their own projects, modify other’s projects, or simply use a previously built project. Squeak is a powerful learning environment. For use of Squeak in the elementary school classroom to enhance mathematics and science learning, see the book by Allen-Conn & Rose 2003.

NASA CDL Programs using Squeak Projects

We will describe examples of NASA CDL Squeak projects and how they can be used to help young learners construct their own knowledge below. The projects were created for the interactive, web-based component for NASA’s KSNN™ (http://ksnn.larc.nasa.gov) and NASA CONNECT™ (http://connect.larc.nasa.gov) programs.
NASA CONNECT is a research and standards-based, Emmy® award-winning series of mathematics-focused, instructional television and Internet programs for students in grades 6 to 8.  The series includes a lively, narrative format, 30-minute instructional broadcast; a companion educator guide, containing a hands-on activity; and an interactive web-based activity. Programs in the series establish a connection between the mathematics, science, and technology concepts taught in the classroom to those used everyday by NASA researchers.

NASA’s Kids Science News Network (KSNN), for grades K–2 and 3-5, explains everyday phenomena, corrects misconceptions, and answers frequently asked STEM questions such as “Why is the sky blue?” and includes numerous NASA Facts such as ”What’s the coolest gas?” The web site offers a video and written explanation, a hands-on activity, related print and electronic resources, and a computer-graded quiz. Programs are available in both English and Spanish and are streamed on the web. Seven interactive web activities have been created for NASA CONNECT and three for KSNN using Squeak.
NASA CONNECT Squeak Projects
Freefall Challenge

In this project, the learner is presented with a simulation for an accelerating (controllable) elevator containing two animated characters, Norbert and Zot, from NASA CONNECT. There is a scale in the elevator that weighs Norbert and Zot as the elevator accelerates upward or downward. The goal is to make Norbert and Zot weightless and understand what is happening. An active book accompanies the project with interactions to help the students better understand the quantities needed to describe motion. The book also contains explorations and challenges. For example, the learner is asked to explore, by taking data and graphing the results to better understand, what is happening as the elevator accelerates. Learners are challenged to bring Norbert and Zot from the lobby to the upper level by accelerating them upward by creating their own script with tiles. To accomplish this they need to deconstruct the project to see how it works and apply what they learned in constructing the solution to the challenge.
Northern Lights Challenge

In this project, the learner must determine which planets could have northern lights. The NASA CONNECT™ instructional broadcast presents the full story of how northern lights are created on Earth. The learner is asked to summarize what is needed to create northern lights. Hopefully, this can be done in a collaborative environment (Squeak has a tool for collaborating over the Internet). In a classroom environment, students can collaboratively come up with a good list of criteria. With the aid of constructive comments from a teacher, the criteria can be finalized and the task of checking out the other planets (in the solar system) can begin.  This activity is a good review of the material presented in the broadcast. John Steinmitz (Guzdial and Rose 2002, p. 459) states, “It should be obvious that, particularly for children, collecting information is less important than developing ways to transform information into knowledge and understanding.” We use that same strategy in this activity by providing in the Squeak project probes to check out the planet’s properties. The learner is engaging in the higher order learning skill to “transform information into knowledge and understanding” by determining which planets, other than Earth, could have northern lights. Finally, the learner can be challenged to create their own northern lights with Squeak’s painting and animation capabilities.

Theorem Challenge

In this activity Norbert and Zot are mathematics professors. They challenge students to exercise their minds by trying to create theorems about parallelograms. Norbert and Zot have tools to help students explore parallelograms. The tools allow users to draw parallelograms of various shapes and sizes and measure the areas of the parallelograms. From their explorations, students should be able to come up with some statements about parallelograms that seem like they should be true. It is great if the students' theorems are true; but in isn’t as important whether their theorems are right or wrong as it is that students are exploring in a logical and productive fashion. After students explore parallelograms, they should be able to use their theorems and what they learned to draw a very symmetrical kite using just parallelograms. In this activity, students explore parallelograms and create theorems, learn about parallelograms from the theorems they create, measure and learn about the area of parallelograms, explore and learn about mirror reflection.
GPS Challenge

In this activity Norbert and Zot are world travelers. The student's job is to locate them with the GPS information. Every time they click on Norbert and Zot, Norbert and Zot travel to a new location (sometimes up in space!). Norbert and Zot send their distances from three of the color coded satellites above the earth to the students. Students enter the distances into the GPS appropriate boxes and then locate Norbert and Zot by pressing the appropriate trilaterate button for their system of three satellites. On a flat surface, like a computer screen, if Norbert and Zot are say 124 units from the green satellite, then they are somewhere on a circle of 124 units with a center at the green satellite, but that's all we know from the green satellite. We also have the distance from say the blue satellite, so we can draw a second circle. Two circles that cross will have two points where they intersect (They could touch at one point, but that's a special case.) So to locate Norbert and Zot, we need a third circle from the red satellite, which will intersect at only one of the two points most of the time. That's trilateration! When then circles all intersect at one point and students see where Norbert and Zot are, then they must identify the place. They could use an atlas or world map to help them. This activity can be used to teach geometry and geography and can present it in fun and challenging ways. Students will learn some geometry theorems, specifically they will learn that it takes three crossing circles to determine a point in a plane and that the centers of the circles must not be on a line. The specific theorems aren't nearly as important as the experience exploring geometry and seeing how it can be used in a practical application. Also students may learn more geometry theorems through exploration in Squeak. Students will learn about spatial dimensions. The activity is an excellent jumping off point for exploring the difference between two and three dimensions by researching how a GPS works in three dimensions and comparing it to the activity in two dimensions. Then they can think about how a GPS would locate positions in a one-dimensional world. Students learn how a GPS locates positions on Earth and where places are on the Earth.
Exercise Challenge

Just like everyone, Norbert and Zot need to exercise to keep their bodies healthy. Students are challenged to create an exercise regime for Norbert and Zot on a treadmill so their average heart rate is 100 beats per minute. Then they can watch the simulated workout of Norbert and Zot! By working in reverse and determining the numbers needed to make a particular average, students gain a valuable perspective on the meaning of average. Students become involved in estimating averages; analyzing graphically the relation between a bar graph of numbers and their average; and taking, plotting, and analyzing data on their own heart rates as they exercise. Students should be able to get good data on their heart rate. They should have fun plotting the data using Squeak project and analyzing and discussing their data. Students can save their projects with their data and plot using the publish button on the navigator flap and go to the web site to submit their data and plots. Students learn the meaning of average with an engaging and fun Squeak activity, practice estimating averages and check their results, graphically compare the average to a bar graph of the numbers they average, take data on their heart rate as they exercise and plot the results with a unique Squeak tool, and work together cooperatively to discuss their results during the interactive activity.
Rocket Challenge

The NASA Rocket is waiting for students to launch at the Control and Data Center. If students want to play first, then they can follow the Quick Start instructions on the first page of the active book at the right of the Squeak project. If students need more direction and background, then they can go through the book. The active book reviews the concepts of position, velocity, acceleration and gravity and provides short interactive explorations to help students understand position and velocity. Explorations and challenges appear near the end of the book. It is important that students plot the data they take during the rocket launch to better understand position, velocity and acceleration, just as scientists often plot data to help them understand their observations.
Robot Challenge

This challenge is mission oriented. The students are on the International Space Station and they need to design robots to complete various missions. The robot parts are geometric figures (triangle, parallelogram, or trapezoid) contained in color-coded flaps. Students need to select the parts needed to carry out their mission in such a way that the parts fill the space in the robot with no overlap. There are two sizes of robot and they need to build the smaller robot of it can carry out the mission. Part of the challenge is to determine if they can complete the mission with the smaller robot. The challenge is part geometric puzzle and part problem solving. A typical challenge is to design a robot to go to the galley, prepare a bowl of soup, test the soup for taste and temperature and bring the soup to the astronaut workstation without spilling.
KSNN Squeak Projects

Trilateration

In this activity Ted Tunes is a world traveler. The student's job is to locate him with the GPS information. Every time they click on Ted, Ted travels to a new location (sometimes up in space!). Ted sends his distances from three of the color coded satellites above the earth to the students. Students enter the distances into the GPS appropriate boxes and then locate Ted by pressing the appropriate trilaterate button for their system of three satellites. On a flat surface, like a computer screen, if Ted is say 124 units from the green satellite, then he is somewhere on a circle of 124 units with a center at the green satellite, but that's all we know from the green satellite. We also have the distance from say the blue satellite, so we can draw a second circle. Two circles that cross will have two points where they intersect (They could touch at one point, but that's a special case.) So to locate Ted, we need a third circle from the red satellite, which will intersect at only one of the two points most of the time. That's trilateration! When then circles all intersect at one point and students see where Ted is, then they must identify the place. They could use an atlas or world map to help them. This activity can be used to teach geometry and geography and teachers can present it in fun and challenging ways. Students can learn some geometry theorems, specifically they can learn that it takes three crossing circles to determine a point in a plane and that the centers of the circles must not be on a line. The specific theorems aren't nearly as important as the experience exploring geometry and seeing how it can be used in a practical application. Also students may learn more geometry theorems through exploration in Squeak. Students will learn about spatial dimensions. The activity is an excellent jumping off point for exploring the difference between two and three dimensions by researching how a GPS works in three dimensions and comparing it to the activity in two dimensions. Then they can think about how a GPS would locate positions in a one-dimensional world. Students learn how a GPS locates positions on Earth and where places are on the Earth. Finally, students can deconstruct the project and construct a new project where Ted can travel to a country, state, or even Mars.
How a Computer Mouse Works

Taking things apart is a valuable learning experience, but teachers are often frustrated when their students take a computer mouse apart and the mouse ball is lost. In this Squeak project, students can see how the motion of the mouse ball is related to the position of the cursor on the computer screen without taking a mouse apart.
Binary Numbers

There are two Squeak projects to help students understand and work with binary numbers. In the first project, students go to binary land to learn how things work in a place where they only use binary numbers. Once they learn how binary numbers work, they can practice converting binary numbers into decimal and check their answer. Once students understand binary numbers, they can go on to the second Squeak project and challenge themselves further by adding binary numbers and checking their answers.

Summary

Squeak has the potential to revolutionize education through the use of the computer. With this tool the computer can be used in a constructive manner to allow learners to explore and build. Our projects just scratch the surface of Squeak’s potential. The projects we describe can be used in the classroom or at home with parents because our programs are free to the public and are accessible on the Internet.
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