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Abstract

The gap between STEM employment opportunities and the number of STEM degrees awarded continues to expand.  Recruitment into STEM fields needs to begin before high school; however, traditional methods of science instruction and assessment in the K-12 classroom seem to turn students away from STEM majors in college.  To address this concern, teachers need to employ strategies that make learning science fun and intellectually accessible to all students.  This manuscript details a 5-E lesson plan to develop inquiry skills in middle school students by observing, building and testing spinning tops.
Teaching Inquiry with Toys
The United States has a significant deficit in the number of university students choosing to major in science, technology, engineering and mathematics and subsequently entering STEM professions (National Science Board, 2008).  One way to address this problem is to find ways to make STEM careers more interesting and intellectually accessible to students in their formative years.  To do this, teachers need affordable inquiry-based lessons to generate excitement for discovery and problem-solving.  This article describes a 5-E lesson science lesson that focuses on the nature of scientific inquiry using toy tops.  In addition to nurturing students’ abilities to conduct inquiry science, the activities help students generate a conceptual understanding of gravity, friction and inertia, as well as how the physical properties of a top are influenced by them.
Learning Objectives
There are two primary learning objectives for the lesson: 1) students should be able to compare the rotational qualities of different tops to make predictions about how the diameter, mass, shape, and height of a top influence how long it will spin; 2) students should be able to test their predictions about the factors that influence how long a top spins by creating and testing their own tops.  A secondary objective is for students to be able to explain the rotation of a top by relating gravity, friction and inertia to the physical properties of the top.
Background
Tops are one of the oldest toys.  They have been used for gaming, fortune telling and just plain fun.  Although there is great variation in shape and size, tops are composed of four basic elements: point, body, shoulder and crown (Figure 1).  The point is the part upon which the rest of the top spins.  The crown is opposite the point.  On some types of tops it is what is held by our fingers to give the top its initial spin.  The body is the widest part of the top.  The shoulder is where the crown meets the body. 
Figure 1. Diagram of a generic top

The reason a top spins is explained by Newton’s first law of motion.  This law describes the concept of inertia, which is a fundamental property of matter.  It can be defined as the predisposition of an object in motion to remain in motion in a given direction unless acted upon by an outside force, and an object at rest to remain at rest unless acted upon by an outside force.
We make a top spin by giving it rotational energy by twirling its crown with our fingers or by pulling on a piece of string wrapped around the point.  Rotational inertia keeps the top spinning.  The further the top’s mass is from its rotational axis, the greater its rotational inertia.  Just like the mass of a flywheel keeps a car engine turning between the ignition of gasoline vapors in its pistons, a top will spin longer when its mass is distributed along the perimeter of its body.  On the other hand, a top with its mass distributed around its perimeter will also spin more slowly than if its mass were closer to its axis of rotation.  This is demonstrated by an ice skater who spins faster when she brings her arms closer to her torso.
The rotational inertia of a top is acted upon by two outside forces - friction and gravity.  Direct friction occurs between the top’s point and the surface upon which the top is spinning and air friction occurs between the exterior surface of the top and air molecules. The gravitational attraction between the earth’s center of mass and the top’s center of mass pulls the top downward.  Eventually, gravity and friction exceed the top’s rotational inertia, causing the top to wobble and fall onto its side.
Procedure


To engage the students, demonstrate a Levitron brand “floating” top (Figure 2).  The top uses electromagnetism to suspend the top several inches above the surface.  It is definitely an attention grabber.  Like any other top, however, it will eventually topple over as its rate of rotation decreases.  Use the demonstration as an opportunity to find out what students know about tops and to probe for misconceptions.

	Figure 2. Materials list
Engage Phase: Levitron brand spinning top

Explore Phase: Each small group needs at least 5 tops of different diameters, heights, masses and shapes, stopwatch

Extend Phase: Various sizes of paper or plastic plates, various sizes of round plastic food container lids, 2-liter bottle caps with small holes drilled through center, pencils, pens, push pins, large and small nails, washers, coins, paper clips, and tape




For the explore phase, each group of students needs a variety of spinning tops differing by diameter, height, shape, and mass.  This phase introduces students to the inquiry process.  Begin by giving groups a few minutes to “play” with the different tops.  Next tell students to determine which top spins the longest.  Each small group can devise its own strategy to accomplish this; however, a few ground rules should be established.  For example, the class needs to decide if spinning should be considered to stop when the body contacts the spinning surface or if all spinning should be included.  It is difficult for students to pin point exactly when a top’s body contacts the spinning surface.  In addition, the spinning surfaces should be identical.

Begin the explain phase by asking each group to identify the top that spun longest.  Next, ask questions to stimulate deeper thinking about the factors that may affect how long a top will spin.  Encourage students to consider how a top’s shape, mass, diameter and height may affect how long it spins.  Misconceptions identified in the engage phase should be addressed by encouraging students to test their ideas.  Allow students a few minutes to observe and consider how a top’s characteristics affect its motion.  This is also the time to discuss the generic features of a top and relate them to the shape, mass, diameter and height of each top.  If the lesson is also to focus on the physical science concepts of gravity, friction and inertia, this is the time to elaborate upon the definition of each term and its impact on the behavior of a spinning top.
The extend phase activity is a challenge – create a top that spins longer than anyone else’s.  The entire class should be provided with an assortment of materials with which to construct their own tops.  Students should have ample time to work individually or in small groups to test and improve their designs.  Before the contest, ask students to show their tops and explain the factors that influenced their final design.  To determine the winner, individuals and groups can time their own tops or a whole-class competition for the classroom championship can take place.  Debrief and close the lesson by helping students connect their observations to the specific features that made the winning top a good spinner.  Focus on the diameter of the top, the distribution of its mass and the length of its point (i.e., height of its center of mass).
Assessment

Formative assessment can take place as the teacher observes and interacts with students during the explore phase.  Although students are still testing the tops, the teacher can ask students to describe what they have seen so far and encourage them to offer explanations for why one top spins longer than another.  Formative assessment also occurs in the explain phase.  Here the teacher is probing for specific thoughts about the effect of a top’s shape, diameter, mass and height.  Summative assessment takes place during the challenge activity when students explain how they arrived at their final design.  An individual summative assessment can be performed by having students write a brief statement describing the effect mass, diameter and height have on a top’s speed and length of spin.
Enrichment

The initial spin of a top is wobbly and the top tends to move across the spinning surface.  Eventually there is a balance between the top’s rotational inertia, gravity and friction.  As the top slows down, it begins to wobble again before it falls.  Tops can be purchased with markers on their points.  The lines produced on a sheet of paper by the point reflect the overall motion of the top.  Encourage students to draw arrows to the lines produced and write a few sentences to describe the motion of the top at each location.  Advanced students can be asked to describe the relationship between the motion and the interactions among rotational inertia, gravity and friction.
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	Connecting to the Standards

This article relates to the following National Science Standards (NRC, 1996)
Content Standard A: Science as Inquiry
As a result of activities in grades 5-8, all students should develop

Abilities necessary to do scientific inquiry

Content Standard B: Physical Science
As a result of their activities in grades 5-8, all students should develop an understanding of

Motions and forces

Transfer of energy
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