Science Cadre 3

Summary of Lesson Study Session 1,2,3 (Nov08-Jan09)

The Sun’s Gravitational Force on the Planetary Orbits

Overview
    The topic of orbits and gravitational force was chosen by this cadre because it was considered a challenging idea to teach to fifth graders. For this standard, students must know that the path of a planet around the Sun is due to the gravitational attraction between the Sun and the planets. In other words, students must understand that planets are kept in orbit around the sun due to its great gravitational force, and that without this force, the planets and other celestial objects would follow a straight path into outer space.

    After much researching for an effective and inquiry-based approach, teachers found an interactive website that showed a cannon ball launch on different celestial objects. The cannon ball follows a different path depending on the object selected for the launch.  Students should induce that in general, the greater the object’s mass, the greater the force of gravitation, and therefore the shorter and lower the path of the cannon ball.  After playing the game several times, it was hoped that students would induce these generalizations. They would then understand why the sun exerts the greatest gravitational force, compared to other objects,  in our solar system and how this force shapes the planetary orbits.

Research Question and Results

    Teachers waned to know if this interactive activity helped students to learn the targeted ideas about orbits and gravitational force. The specific research question was  ”How do students conceptualize the idea of gravity through this interactive model?” Teachers decided to gather evidence in the form of 1) student lab worksheet responses (that students fill out as they do the interactive lab) and 2) their descriptions of a “string and ball” model (demonstrated by the teacher) of the earth moving around the sun, with the string representing the sun’s gravity. 

    After examining the student worksheet responses (range of 53-79% correct) from the first teaching of the lesson, the group agreed that the interactive model played a useful, although limited, role in getting students to think deeply about gravity of objects. Most discovered which objects exerted a greater gravitational pull on the cannon ball. However, only 26% attempted to explain that this greater gravitational force was related to a characteristic of the object (such as size, mass, radius, density). Because the interactive program does not explicitly elicit understanding of this relationship, teachers revised the worksheet questions to help students develop this idea. Unnecessary questions were eliminated and others added, such as: What can you say about the gravitational force on Jupiter compared to Earth?  Why do you think this is so? It should be noted that evidence from the “string and ball” model was not gathered by teachers due to lack of time and so pacing issues were discussed.

     For the re-teaching of the lesson, teachers decided to gather evidence for the research question by primarily assessing students’ responses to question #6:  “How can you compare the falling cannon ball to the motion of the planets around the sun?”  Teachers expected that results of this question would show whether or not students understood the role of the sun’s gravity as the cause of the planetary orbits. We anticipated that students would answer:
· They (ball and planet) are both being pulled through force of gravity

· They are both being pulled (or they fall) toward the more massive 

object, the sun

    Each student’s response to question #6 was rated according to a criteria checklist, maximum of 3 points:

· 1 point if they “compared” in some way

· 1 point: explain that they are being pulled by gravity

· 1 point: explain that they are pulled toward the more massive object

      The average score for the class was .5, which was lower than expected. Students showed great difficulty in answering this question clearly and teachers had difficulty in reading and assessing the responses. Teachers noted that a possible explanation for the low score was the nature of the task required, which was a comparison task. Students had to use language that clearly communicated what they were comparing. As readers of their responses, teachers were often stumped by unclear terms such as “they” or “it”. During the oral discussion, however, teachers observed that many students’ responses clearly reflected a good understanding of the problem posed. However, this did not show up in their written response.

      While teachers feel that the cannon ball comparison (#6) is still a valuable part of the lesson, they concluded that the nature of this assessment did not make it the most appropriate one for providing the evidence to our research question.  Instead of having students grapple with comparison skills, a better assessment would be one in which students are asked direct and straightforward questions about the targeted concepts (ie. the effect of the sun’s gravity on the planetary orbits).  For this reason, teachers spent time revising the evaluation for this lesson.  In this assessment, students are given a partially labeled drawing of the earth and sun. After some added teacher explanation using a string and ball to show the movement of the earth, students answer questions to explain the orbit of the earth and what causes it.

Conclusion

    While interactive programs are extremely valuable in engaging, inspiring, and getting students to engage in higher level thinking, careful attention must be placed on the degree to which the program teaches a particular targeted concept. If the program falls short, then teachers can structure carefully designed questions or other scaffolding activities to elicit understanding of the desired concepts. 

    Also, the type of assessment that is chosen in order to assess student learning is very important and must match the goals of the lesson. When students are asked to do additional tasks that may be difficult for them, evidence of their learning may be muddled. It is a good idea to go back to the original student objective to make sure the assessment matches it and to try to keep the assessment simple and straightforward.

