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Introduction

The purpose of this paper is to propose a model for teaching projectile motion using the resource model of learning. Educational research explores many different models to describe how students learn. One of the models that physics education research has proposed is the “pre-conception” model. This model has helped to shift education away from the idea that students come into the classroom empty vessels that need only be filled up with knowledge from the instructor. Instead the “pre-conception” model states that the students have ideas of how the world works when the come into the classroom. These pre-conceptions are formed by the students as they grow up, and are directly related to the things that they observe in the real world.

 The difficulty that arises from these built in ideas is that they often do not fit into the current scientific understanding of the world. For example Newton stated that all objects fall at the same rate. Students will have observed many times that rocks fall much faster than feathers do. Traditional education would just appeal to air-resistance and leave it at that. This approach requires the student to ignore what they see and just believe what the instructor says (specifically that there is something called air-resistance and without it all objects would fall at the same rate). The pre-conception model tries to address the belief that the students come into the classroom with, and tries to show the student why the current scientific belief is more useful. While this approach has great advantages over the traditional method, it still presumes that the students have beliefs that must be overcome if they are to be able to do physics. 


The resource model states that the students have a set of knowledge-pieces (resources) that they arrange and rearrange to fit the problem that is presented to them. The main focus of the resource model is to determine what resources exist in most students, and how they are activated in the students thought process. Individual resources are not thought of as wrong or right. What is important is weather the students activate the proper resource in the correct situation. One such resource is the students belief that “more force causes more motion”. In many circumstances this resource will give the student the correct answer, but if the students ignore the direction that the force is applied it can lead them to the wrong conclusion. Once the resources are identified teachers can use them to help the students build a coherent model of how the world works. The goal for the resource model is to get the students to activate the correct resources at the correct time.


In this paper I will first discuss the different learning models, and the research that has been gathered supporting the various models. The second section I will focus on the resource model. I will present the findings of previous researchers, and explore methods to incorporate this model into actual classroom activities. The third section will discuss the specific case of projectile motion, some of the resource that students come into the class with, and how they are commonly activated. I will then propose some activities that can be used to help the students develop a model of projectile motion that conforms to the accepted scientific model. Section four will consist of a laboratory activity that can be used in an introductory physics class. The final section will discuss how students’ results change on pre and post-testing after having done the lab activity that is discussed in section four.

I. Pre-conception vs. Resource models

The pre-conception model for learning has also been called the misconception model. Most researchers have moved away from this title because it implies that the students come into the class with wrong ideas. Instead the term pre-conception moves the research towards the idea that the students views are valid in the context of their prior experience. While this is an improvement over the traditional ideas that the students come into the classroom completely ignorant, it still lends to a problem. Regardless of what you call the conceptions they all have the same basic properties. According to Hammer1 the core idea of conceptions is that I.) are strongly held, stable cognitive structures II.) differ from expert conceptions III.) affect in a fundamental sense how students understand natural phenomena and scientific explanations IV.) must overcome or eliminated for students to achieve expert understanding.  

I feel that the main difficulty that arises from this model of learning comes from the second and final core ideas. Smith, di Sessa, and Rochelle2 have argued that the misconception perspective “in focusing only on how student ideas conflict with expert concepts… offers no account of productive ideas that might serve as resources for learning.”  The basic premise is that the students’ ideas must be overcome or replaced. This denies the fact that the students may have several ideas that if used in the right context can improve their understanding of physics. 

The resource model is an alternative way to look at how students learn physics. There have been several major contributors to this model; one of the most sited is Andrea diSessa. DiSessa3 states that students use knowledge elements called phenomenological primitives, or “p-prims”. In other research these can be called facets of learning, or as they will in the rest of this paper resources. Though there are differences between the exact definitions of each of these terms they all have some common characteristics. First is that students use very small knowledge pieces, which they arrange and rearrange to solve a problem. These resources are usually very simple, and often come from the students’ interactions with the world around them. Most researchers believe that they form when the students are very young and first experimenting with the world around them. Resources in of themselves are not considered right of wrong, but how they are activated can lead to misconceptions or expert thinking. Some examples of resources are “more force causes more motion”, and for moving objects “more time equals more distance”, and “more speed equals less time”. I will discuss the last two in the following section where I will talk about projectile motion. The resource “more force causes more motion” is not always right nor always wrong. In many cases this resource can be used to help solve a problem in physics. In fact an expert physicist will often activate this resource to formulate a solution to a question. The difficulty of this resource is that the person that uses it must be aware that the direction of the increased force is very important to whether this resource will give you the correct answer. The novice may not understand this distinction and activate this resource at the wrong time. An expert physicist will understand this limitation on the resource, and only activate it at the appropriate time. 

 Traditional teaching assumes that the students have no prior knowledge, and it is the instructor’s job to fill the students up with knowledge. This approach leads to a classroom that is totally teacher centered, after all the students have nothing to contribute. Research has show that this method is not effective4. The pre-conception model is an improvement on the traditional one. It recognizes the fact that the students have a set of beliefs, pre-conceptions, when they come into the classroom. This moves the instruction away from the instructor and moves it towards the students. The instructor’s job is to highlight the students’ misconceptions and help the students away from them, towards the accepted understanding. The pre-conception approach has shown improvement over the traditional approach5 but it is still based on the idea that what the students come in with is wrong and must be changed. 

The resource model is a constructivist theory. This area of though in education focuses on the idea that student understanding is built up from smaller pieces. These pieces are neither right nor wrong and do not have to be overcome. Instead in the resource approach the instructors job is to identify resources and determine how the students activate them. Classroom activities are centered on the students discussing how and why they answered the way that they did. The instructor’s job is guide the discussion and try to get the students to clarify their thoughts. Once the students can see how they answer the questions that they are asked, they may not know, then the instructor can bring out why some resources may or may not be used in a particular situation. By this guided process it is hoped that the students will begin to restructure their thoughts to use the right resource at the right time. 

II. Resource Model as an instructional tool

As a teacher the model that is used is not as important as how it is used in the classroom. One lesson that I have gathered from this research is that knowledge is insufficient, it must be activated in the appropriate context. Sabella and Redish6 state that just telling the student one concept is incorrect and another correct dose not solve the problem. Students need to be shown how and where the knowledge can be associated with the conditions of the problem. As teachers we must give the students a logical context for them to use the information that they have.

Most teachers will tell stories of students that can solve one problem, but when presented with the same problem stated in a different way they do not understand that they already have the knowledge to solve it. Unless we are able to give the students every conceivable version of a problem, and have them memorize how it is solved, we must get the students to look at the common patterns that they use. First we must try to see what the students are thinking, the resources that they are activating. Once we have an idea of the process that the students are using we can use this to show them how the can use the information that they already have in a more constant way. Once the students are thinking about the problem meta-cognitively, then changes in the structure of the problem will not change the way that they go about solving it. 

One study that I will look at deals with projectile motion7. In this study the investigators explored common resources that students activate when they are trying to solve problems involving a ball being rolled off a table. The students were presented with two versions of the same question. Both questions asked the students to predict the time it took a ball rolled off a table to hit the ground. The first set of questions asked the students to predict the time of flight for two balls rolled off the table at different speeds, the second asked about two balls that hit the ground at two different distances from the edge of the table. Now to someone with an expert understanding of physics will realize that these two questions describe the same situation, with the ball that is rolled faster being the same as the ball that travels further from the table. Also an expert would realize that the answer is the same for all of the balls, the height of the table being held constant. The students were then asked to write down why they picked the answer that they did. This helped the investigators to determine the resources that the students used in solving the problem. 

What the investigators found was that in the questions that the distance was mentioned students were more likely to pick the ball that traveled further had a longer time of flight. This seems to indicate that asking the question this way activated the “more distance the longer it takes” resource. The results for the two different velocities question were more complicated. The students seemed to be split on which; the faster ball or slower ball would take longer to hit the ground. Many students picked that the faster ball would hit first indicating that they activated the “faster means less time” resource. This was the response that the investigators originally planed to study. But a large percentage of the students picked that the faster ball would take longer. From the student responses the investigators determined that the students were activating more than one resources to answer this question. The first was that “faster means more distance” and then “More distance means more time”. 

The experiment shows that it is possible to use pre-tests to illuminate student resources. It also shows that the difficulties that the students’ have may involve more than one resource. This is one area where the resource model is more useful than the pre-conception model. For pre-conceptions shows only one thing being wrong, that the students have a misconception, not a series of thinking that leads the students away from the correct answer. Once the students though process is understood, as much as it can be, I propose that classroom activities can be designed to show the students the places that their resources have lead them astray. The class activities should guide the students though the problem solving process highlighting the places where they are likely to go wrong and where they often go right. I think that both of these things are important, we should spend at least as much time in class telling the students where they are right as when they are wrong. Having the students go through the process and having them test each step of the way experimentally, all the while explaining what they are doing to themselves and their fellow students will lead to a better understanding. Once they have identified the important features of the problems and the places where their knowledge can help them solve it, then no matter how you word the problem in the future they will be able to answer it correctly.

Attached is a possible activity that may help students understand the projectile motion problem that has been discussed.       

III. Projectile Motion

IV. Lab Activity

V.  Results

VI. Conclusions
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