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Abstract

The Geometer's Sketchpad (GSP) takes the traditional pencil-and-paper geometry class and transforms it into a dynamic learning environment. By using the tool's dragging features, students can observe countless examples of different figures quickly and easily. With GSP, the classroom becomes a student-centered rather than teacher-centered environment. Students in this environment feel a sense of control over their learning, even when the teacher is the person designing the sketches. While teachers must devote some time at the beginning of the year to training students to use GSP, the class will earn this time back in the long run because the dynamic aspects of the tool prevent teachers and students from having to draw a new figure by hand each time.

The dynamic nature of The Geometer's Sketchpad may lead students to improve their engagement with the material. The research shows, however, that this improved engagement wanes over time; therefore, teachers must be cautious not to overuse GSP. GSP also provides teachers with opportunities to have students participate in partner work. Teachers should ensure that each pair moves at a pace that allows both students to comprehend the material.  
Because student interest waned when classes used The Geometer's Sketchpad every day for an extended period of time, I recommend using GSP as a tool to supplement more traditional lessons and hands-on activities rather than as the primary instrument of instruction. In this way, students continue to receive the benefits of GSP throughout the year without becoming bored by its constant use.

More research is necessary to determine how teachers can use The Geometer's Sketchpad most effectively in the classroom. Instead of using teacher and student interviews as evidence of GSP's effectiveness, researchers should seek quantitative data that shows how specific uses of dynamic geometry software lead to greater performance on standardized tests. The Geometer's Sketchpad holds great promise as a technology that can energize the geometry curriculum; however, teachers must carefully design its implementation so that students reap the greatest possible benefit from its use.
Through the use of dynamic geometry software such as The Geometer's Sketchpad (GSP) (Key Curriculum Press, 2001), teachers and students can change the nature of mathematics from a static pencil-and-paper environment to an engaging world of properties waiting for discovery. The National Council of Teachers of Mathematics' (NCTM) Principles and Standards for School Mathematics (NCTM, 2000) emphasizes the importance of incorporating technology into the math classroom in order to enhance student understanding. The use of GSP provides students with greater control over their learning; lessons become student-centered and experimentally-based rather than teacher-driven. GSP also yields an opportunity for teachers to move away from whole-class instruction and toward individual or small-group work. Teachers can ask students to develop conjectures about concepts before having them investigate problems with GSP. In doing so, teachers create an environment where being wrong initially is acceptable; seeing one's error through experimentation with GSP provides an opportunity for personal growth and improved understanding.
Teachers cannot implement The Geometer's Sketchpad in the classroom without significant changes to the curriculum. Most importantly, teachers will need to devote several class periods to training their students to use the tool properly. The class will regain this time over the course of the year because a knowledgeable GSP user can show many examples of a figure very quickly by dragging its features, whereas drawing each separate case on the board by hand would require a substantial investment of time. GSP also makes a content area such as geometric transformations (i.e., translations, rotations, reflections, and dilations), once reserved for college-level courses, accessible to secondary-level math students (Hollebrands, 2002). With regard to assessment, researchers have found mixed results as to whether the use of GSP improves test scores. While the results of current studies seem promising, further research is necessary in this area.

While I do believe that The Geometer's Sketchpad has great value as an educational tool in the secondary mathematics classroom, I find that it cannot single-handedly improve mathematics instruction. Some students may resist a change from the traditional classroom environment in which they have previously thrived; others may not respond well to having to help a partner through the activities. Students may also tire of using GSP day after day, which could indicate that any problems with engagement are not directly tied to a particular teaching style but rather to monotony in the classroom.

I also have concerns regarding how many schools would be able to use The Geometer's Sketchpad consistently throughout the year. Certainly some schools will have enough computers for each student, but this is not the case everywhere. Another concern is that teachers must allow students enough time on the front end to practice using GSP before launching into activities. Some teachers may resent spending valuable class time training on the tool instead of learning content.

The Geometer's Sketchpad can offer great educational benefits to all students, but I encourage teachers to be careful in how they implement GSP in their classrooms. First, GSP should supplement the textbook and other hands-on activities, not replace them. That is, teachers should intersperse the use of GSP with more traditional lectures and activities rather than teaching an entire unit using only GSP. Second, teachers should carefully pre-design sketches in a way that will lead students toward the desired results yet still give them a sense of control over the learning. In this respect, the use of GSP functions like a typical science lab, in which students receive a problem to solve, hypothesize solutions, and then experiment to test their solutions. Before students begin these activities, teachers should conduct training sessions for students on the basics of using GSP; otherwise, students will become frustrated when they seemingly cannot complete the constructions.

The Geometer's Sketchpad can be a powerful tool in the mathematics classroom if teachers carefully design and monitor its use. The dynamic features of the tool can be engaging for many students and can bring about a previously unseen enthusiasm for math. By using The Geometer's Sketchpad occasionally throughout the year for specific purposes, designing the sketches and procedures carefully in advance to support the day's lesson, and encouraging students to investigate their conjectures through experimentation, teachers can enhance their students' understanding of geometry and see their interest in the material improve.
Learners and Learning


The Geometer's Sketchpad allows learners to engage more with the material and to have more control over their learning. McClintock, Jiang, and July (2002) report that students had positive attitudes toward GSP and saw it as a valuable learning tool. These researchers point to the dynamic and experimental nature of GSP as the hook for students. 

Still, the dynamic quality of The Geometer's Sketchpad can cause problems in the classroom. Students may view GSP more as a toy than a learning tool and thus may not gain the full benefit of the lesson. One way in which this may occur is through what Arzarello, et al., (1998) call wandering dragging. Students conduct this type of dragging without any mathematical goal in mind. When students drag items randomly, they distract themselves from the lesson and decrease their opportunities for discovering what the teacher hopes that students will learn during the course of the class period.


Another aspect of The Geometer's Sketchpad that can cause distractions in the classroom is the animate feature. This feature allows many of the dynamic aspects of GSP to come to life, but it could also undermine the goals of the lesson if students decide to animate a structure for fun rather than for any academic purpose. McClintock, Jiang, and July (2002) note that some students really enjoy the animate feature. It is a very powerful part of GSP when it is employed correctly; therefore, it is incumbent upon the teachers to carefully design sketches and lessons that will keep students progressing toward the goal of the lesson rather than taking a break to use GSP as a toy.

Scher (2000) notes that The Geometer's Sketchpad provides students with a different view of math. Math with GSP ceases to be a set of established procedures to follow blindly and instead becomes a continual process of discovery. Teachers who use GSP in the classroom lead students toward thinking empirically about mathematics. In this sense, students almost feel like they are inventing math as they use GSP to determine properties of certain figures. Even if the facts they are discovering themselves for the first time have been known for thousands of years, students feel a sense of control over their learning when they determine facts on their own instead of listening to a teacher dispense the information to them.

The Geometer's Sketchpad also provides students with an opportunity to work in partners or small groups. Many students will welcome this change of pace in the classroom, but it is important that teachers realize that some students do not enjoy group work. Hannafin, Burruss, and Little (2001) detail the pros and cons of partner work using GSP. They report that some partners worked very well together, even if they were at different ability levels, because of a desire to help one another. Partner work can also be beneficial if some students are not as proficient with computers as others. On the other hand, the researchers noted some problems with the partner approach as well. Some pairs worked not as a team but as individuals, and the group member not using the computer at a given moment was often not paying attention to his or her partner's work. Additionally, certain pairs had difficulties with pacing as the stronger group member was reluctant to slow down to ensure that his or her partner fully understood the material.


It is important to note that students tired of using The Geometer's Sketchpad when the tool was the only means of instruction for a long period of time. Hannafin, Burruss, and Little (2001) note that student interest in using GSP waned over the course of a three-week unit. This was particularly true in the general mathematics (non-advanced) classes that the researchers studied. This finding is important because these students are the ones that we, as math teachers, will struggle the most to reach. The problem, therefore, may not be a matter of teaching style but rather an issue of monotony. If a teacher stands in front of the class and lectures every day for a month while interacting infrequently with students, the class will understandably become tired of such instruction. The above study, however, seems to indicate that any sort of repetition will eventually wear on students.

A final important point raised by the Hannafin, Burruss, and Little (2001) study regarding learners and learning is that one student did not enjoy the work with The Geometer's Sketchpad at all. This student did not like having to work with a partner and preferred taking notes in the traditional manner. As teachers, we must strive to serve the learning styles of all of our students. While GSP might be engaging for the majority of our students, there will be others who would rather listen to a lecture. Teachers must vary the nature of instruction in the hopes of appealing to the widest audience of students possible. Every student will not connect with each individual lesson, but, by presenting material in a variety of ways, students will have an opportunity to latch on to the approach that works best for them. Therefore, instead of conducting an entire unit using only GSP, teachers must find ways of incorporating GSP into their units without sacrificing practice problems from the textbook or hands-on activities. This variety in instruction will keep students engaged and prevent them from tiring of a particular teaching style.

The Geometer's Sketchpad provides an opportunity for students to learn geometry in a dynamic and engaging way. The dragging features of GSP allow students to see multiple examples of the same figure without having to draw out each one using paper and pencil. Using the measurement tools lets students test their conjectures regarding properties of certain figures. Through the use of GSP, math is no longer a list of rules to follow but rather a world waiting for students to discover it.

There are some concerns, however, which teachers must consider when implementing The Geometer's Sketchpad in the classroom. Teachers must carefully design their lessons and constructions using GSP so that students remain engaged with the material and do not begin to view GSP as a toy that lacks an educational purpose. Instructors must also be careful in making partner assignments. Some students will not work well together, and teachers must make such considerations in assigning partners. Also, some students may not want to work with a partner at all. Finally, GSP loses some of its luster for students when they use it every day for an extended period of time. Keeping all of these factors in mind, I believe that GSP can play an important role in the secondary mathematics classroom if teachers use it in conjunction with traditional textbook work and other hands-on activities. By varying the instructional style, teachers have a good chance of finding the method of learning that works best for each individual.
The Learning Environment


Teachers with access to The Geometer's Sketchpad can radically transform their classroom from a teacher-centered environment to a student-centered one. Ruthven (2005) reports that students using GSP increased both their enjoyment of and understanding in class. This study also put students in partners to work with GSP, so the change from whole-class instruction to pairs could have had a positive impact on the learning environment as well. 

Hannafin, Burruss, and Little (2001) note that students enjoyed having personal control over their learning and that they equated being in charge with having fun. Certainly teachers want their students to have fun in the classroom, as long as it serves an educational purpose. This study uses what Rieber (1992) calls an "instructivist" approach to teaching. This method seeks a middle ground between a teacher-centered (objectivist) classroom and a student-centered (constructivist) one. Instructivist teaching is not strictly open-ended; rather, it begins with the teacher determining the goals for his or her students but then allowing for students to attain these goals using a variety of strategies. I feel that this approach is ideal for the geometry classroom as a whole, not just for using GSP. By varying one’s lessons (e.g., lecture, activities, or GSP), a teacher offers many options for a particular student to grasp the concepts, as opposed to a traditional classroom environment in which a teacher might present material in only one way.


The use of The Geometer's Sketchpad also creates a classroom environment in which being incorrect is accepted and not ridiculed. Teachers should encourage students to make conjectures regarding geometry based on the knowledge that they have already acquired. Then students can check the accuracy of these conjectures through experimentation with GSP. A student might find that his or her guess was indeed correct. If, on the other hand, the student was incorrect in his or her initial thoughts, there is an opportunity to revise the conjecture and enhance one's understanding at the same time. 


McClintock, Jiang, and July (2002) report that conjectures made by students prior to experimentation with The Geometer's Sketchpad were often incorrect. The researchers then note that students sought to remedy their mistake and thus improve their understanding. This type of learning should be promoted throughout our schools. Mistakes, especially when beginning new content, are acceptable; they present opportunities for learning. It is up to teachers to craft a classroom environment that encourages conjectures because even an incorrect guess can lead the class closer to the truth by forcing students to analyze the merits of a prediction.

One concern I do have with regard to transforming the learning environment is a question regarding access. McClintock, Jiang, and July (2002) conducted their study with at-risk students in a reform-minded school that emphasized technology. For students in this school, having easy access to a program such as The Geometer's Sketchpad was not a problem. In other school settings, however, I believe that implementing such a change in the curriculum would be more difficult, if not impossible.

Even if schools have a computer lab, instructors may need to share time in the lab with other classes and teachers. Teaching a unit such as the one in Dixon (1997) where students used The Geometer's Sketchpad throughout a three-week period would certainly be a challenge. In a scenario such as the one I have proposed, however, in which GSP supplements lectures and activities instead of replacing them, a teacher might only need to use the computer lab once or twice a week. Such an approach seems much more feasible in a situation in which teachers must share computer access. 

Of course, there are certainly schools that will not have computer access at all. We are, however, living in an increasingly technological age, and the time may not be too far away when all classrooms have computers. Even if only the teacher has a computer, The Geometer's Sketchpad can still be an important instructional tool. The teacher could project a sketch and then have students observe as he or she drags one element of it. Students could then make conjectures regarding the properties of the figure. It is certainly not the ideal situation under which to use GSP, but it would still be beneficial to students. Having access to GSP would also save teachers time in not having to draw out several examples on the board.

For instance, instead of having to draw an acute triangle, a right triangle, and an obtuse triangle, a teacher could just draw one triangle in The Geometer's Sketchpad and then drag a point on the triangle until it becomes a different type of triangle. Instead of just listing the measures of angles on the board, which are usually not exact anyway, a teacher can measure the angles in GSP and then have students observe the angle measures changing dynamically as the teacher drags one point. This scenario is just one example of how a teacher could save time using GSP to supplement a lesson rather than having to draw everything on the board. 


The Geometer's Sketchpad offers an alternative to the traditional lecture environment of the math classroom. When students gain greater control over their own learning, they become more enthusiastic about the subject and increase their own understanding. This shift toward a student-centered classroom also encourages students to make conjectures about the material and not fear being wrong. Students can then investigate their conjectures through experimentation with GSP. Through analyzing the results of their experiments, students either confirm or revise their conjecture. In either instance, they have improved their understanding of the content. One issue with transforming the classroom environment through the use of GSP is having the necessary access to computers for both teachers and students. Even if there is only one computer available, however, the instructor can use GSP effectively as a demonstration tool. 
Curriculum and Instructional Strategies


The Geometer's Sketchpad affords teachers and school systems the opportunity to revamp the secondary mathematics curriculum. The dynamic nature of GSP will help teachers keep students engaged with the material and, if implemented carefully, can lead to improved understanding. There are several ways in which adopting GSP will alter the way that teachers structure their lessons.

First, and most importantly, students are going to need time to acquaint themselves with The Geometer's Sketchpad. Teachers should expect to need several class periods in order to train the students to use the tool properly. It would be foolish for a teacher to come into a classroom and expect that students could figure things out on their own, even when given a pre-designed sketch. Dixon (1997) reports that students were given one hour and forty-five minutes of training on GSP prior to beginning the three-week unit. Some of this training was surely on the basics of GSP since these students had never used the tool before. This type of training would not need to be repeated often. On the other hand, students likely spent part of that training time becoming accustomed to using the specific skills they would need in the unit (e.g., rotations, reflections, etc.). This type of training would be needed prior to each unit to ensure that students have the prerequisite GSP knowledge to complete the activities. 

It is then pertinent to ask whether the benefits of The Geometer's Sketchpad are great enough to warrant this use of training time in the classroom. Once students receive the initial training for the lessons, however, GSP becomes an efficient time-saver rather than a time-waster. Students no longer need to draw out multiple examples using pencil and paper. Using GSP, students can create one example of a particular shape and then drag its individual elements to create infinitely many examples of the same structure (Ruthven, 2005). Thus, teachers do not have to spend any more time overall with particular concepts; they must simply re-allocate that time to spend more time training at the beginning.

The Geometer's Sketchpad also provides an opportunity for students to learn about concepts that were previously saved for college-level courses. Hollebrands (2002) makes this argument with respect to introducing geometric transformations. Presenting such material to students early on in an accessible way allows students to make connections within mathematics and to strengthen their reasoning skills.

One aspect of a typical geometry course that may be overlooked in a classroom setting that emphasizes The Geometer's Sketchpad is mathematical proof. Proof in geometry and higher-level math courses is predicated on deductive reasoning, while the use of GSP has a primarily inductive nature (Christou, Mousoulides, Pittalis, & Pitta-Pantazi, 2004). This study looks to find ways to make proof meaningful to students and to use GSP as a means of discovering proofs. This is a noble goal, but the question to answer first is whether such an emphasis on proof is important at all.


In recent years, schools have begun to de-emphasize mathematical proof in geometry courses. Fifteen years ago, Chazan (1993) commented on the lessened role of proof in high- school geometry courses, and little has changed today with the current emphasis on computation-based standardized tests. Why should we learn proof? The answer is that it develops higher-level thinking skills and allows students to develop a deeper understanding of the material. This introduction to proof is also an absolute necessity as preparation for college-level mathematics courses such as linear algebra, number theory, and abstract algebra. 

Only a tiny percentage of geometry students, however, will become mathematics majors in college. Is an emphasis on proof, then, appropriate for all students? This is not to say that I believe we should not be developing higher-level thinking for all students; in fact, I believe quite the opposite. Teachers need to find ways of making mathematical proof more accessible to students. The Geometer's Sketchpad offers an opportunity for students to think their way through problems and to develop these higher-level skills.

As Christou, Mousoulides, Pittalis, and Pitta-Pantazi (2004) point out, many mathematicians begin proofs first by convincing themselves that something is true and only then searching for a proof. These are the types of investigations that students can conduct on The Geometer's Sketchpad and find engaging, even exciting. When given a construction, students could determine properties of that figure by dragging its elements around. When a student notices something particular to a construction, he or she could then set about finding a reason as to why it is true. 

Along the same lines, Sinclair (2002) promotes the use of The Geometer's Sketchpad as a tool for problem-posing. In this type of investigation, students do not begin with a specific goal in mind but rather look to discover problems that merit further investigation. I am afraid that, without some sort of teacher guidance, a problem-posing approach would be largely ineffective within the classroom. When lacking direction, many students are likely to veer off down the wrong path, to use GSP not as a tool but a toy, or to become frustrated with their lack of progress and give up. If, however, students were to pose questions during the course of an activity that merit further investigation, this use of a problem-posing approach could prove enlightening for students.

With regard to instructional strategies, I advocate using a variety of approaches in an attempt both to stem boredom in the classroom and to reach students who may learn better using alternative methods. In terms of using The Geometer's Sketchpad, I think it is important that the teacher carefully design activities that will allow students both to reach the desired goal of the lesson and to feel a sense of ownership of the learning. Ruthven (2005) reports on one teacher who notes that students using GSP feel that they have discovered something on their own, even if they are just manipulating a sketch that the teacher constructed specifically for that purpose. These lessons can be effective for students because they are teacher-directed but the students sense that they have control. The teacher is not merely giving information to the students; he or she is providing students with just enough information so that they can determine the rest on their own.

This middle ground between teacher-centered lectures and student-driven discovery learning can be powerful for both the student and the teacher. The teacher has a clear goal of what the students should discover, but he or she constructs the sketches in such a way that the conclusion is not obvious, and students still feel a sense of accomplishment upon realizing the answer. Some researchers have noted that this type of investigation takes advantage of Vygotsky's (1978) Zone of Proximal Development, which refers to the area between what a student could accomplish on his or her own and what the student could achieve with the guidance but not direct instruction of a teacher (Dixon, 1997; Hannafin, Burruss, & Little, 2001).
Assessment


The greatest potential benefit to using The Geometer's Sketchpad with regard to assessment is that students' increased understanding from using the tool may lead to improvement on standardized test scores. Whether the use of GSP improves test results has so far shown mixed results and is in need of further study. Almeqdadi (2000) found that an experimental group that used both a textbook and GSP outperformed the control group that used only the textbook on a test of perimeter and area. This study, however, raises several concerns regarding its generalization. 

First and foremost, the post-test was designed by the researcher. Although other mathematics educators validated the test, the study would have been more convincing had it used results from a national examination. Whether the test was slanted toward the experimental group or not, using such an assessment creates the potential perception of bias. 

Second, Almeqdadi conducted his study in Jordan, and I question how applicable the results would be to students in the United States. Certainly, a similar study conducted in America might show the same outcome, but I think further research into the matter is necessary. What works in one location will not always be as effective elsewhere, so it is important to conduct these studies in all types of cultures.


Third, Almeqdadi (2000) looked only at male students in his study. Any future study needs to have females among its participants; Almeqdadi makes this recommendation himself at the end of his study. This is particularly important here in the United States, where math scores on the Scholastic Aptitude Test (SAT) show a shrinking but still statistically significant gender gap with males outperforming females (Byrnes & Takahira, 1993; Altermatt & Kim, 2004). If we are to try to change the mathematics curriculum, we must make every attempt to improve instruction for all students, not just specific subsets of the population.

I must commend Almeqdadi, however, on his use of The Geometer's Sketchpad in addition to regular textbook instruction. Despite his study's limitations, the fact that the experimental group achieved greater gains from pre-test to post-test than the control group in this type of setting offers great promise for GSP as a supplementary instructional tool. Further studies should seek to replicate these results. 

Two other studies offered conflicting results with regard to students' improvement using The Geometer's Sketchpad. Dixon (1997) found that students in the experimental group outperformed their counterparts in the control group on measures of rotation, reflection, and two-dimensional visualization. This study, however, found no significant differences in performance with regard to three-dimensional visualization. One logical explanation for the lack of differences in the three-dimensional realm is that The Geometer's Sketchpad presents itself in two dimensions on the computer screen. While the dynamic features of GSP are helpful in understanding three-dimensional figures, it can be difficult to grasp exactly what certain shapes look like and what properties they hold. In fact, the control group in this study may have been at an advantage in this particular aspect because it used hands-on activities in conjunction with textbook instruction. The use of manipulatives for three-dimensional geometry can be very powerful for students as they receive the opportunity to examine the shapes and perform all of the transformations with their hands.


In contrast, McClintock, Jiang, and July (2002) found that The Geometer's Sketchpad did in fact have a positive effect on students' ability to learn three-dimensional geometry. This study tracked a group of twenty-four students over a two-year period and then continued to follow four of those students over the next two years. It is interesting to note that, in the first two years, students in the class spent at most three hours per week working with GSP. Some class time, therefore, was spent in a more traditional environment, and being able to see the material from both a dynamic and static perspective may have been helpful in enhancing student understanding of three-dimensional geometry.


Using GSP itself as the sole means of assessment can be difficult, and some teachers question whether such a test shows that students have a deep conceptual understanding of the material (Hannafin, Burruss, & Little, 2001). In this study, students used GSP for the test, but the test involved little more than recreating exactly what they had done in class; additionally, students had the opportunity to take the test as many times as they liked until they earned a score above eighty-five percent. 


On one hand, considering that the above study chronicled a three-week unit that exclusively used The Geometer's Sketchpad, it would seem counter-intuitive to evaluate students using anything but the tool itself. At the same time, however, teachers face real concerns regarding standardized tests. Teachers may worry that students will not retain the information from the computer test or that they will be unable to transfer this knowledge from the dynamic nature of GSP to a static pencil-and-paper test. 


Under my proposed plan for implementing The Geometer's Sketchpad, the tool serves a supplementary function rather than a primary one. In the Hannafin, Burruss, and Little (2001) study, students used the tool as their sole means of learning for the entire three-week unit. Students completed no practice problems for homework using the new material but instead relied only on GSP to inform their learning. In such a situation, it seems likely that some students would have trouble transferring their knowledge from the computer to paper. In a classroom setting in which The Geometer's Sketchpad is used occasionally and interspersed within the curriculum, the tool provides a better opportunity to enhance understanding because students will take what they have learned using GSP and complete practice problems on paper to reinforce this new knowledge.


These results tie in with the crux of my argument: The Geometer's Sketchpad is an excellent tool for secondary mathematics students, but it should not be the sole means of instruction nor is using GSP necessarily the best approach for all types of geometry lessons. For example, three-dimensional geometry seems to be an area in which using manipulatives may be more effective than working with GSP. Teachers should employ GSP in conjunction with textbook learning and hands-on activities.

Much more research is necessary regarding the impact that The Geometer's Sketchpad can have in the classroom. Specifically, I think it is important to conduct a study in which one class is followed throughout the school year. In this class, the teacher would use a combination of traditional lectures, hands-on activities, and GSP constructions. Most of the studies that I read involved viewing students only over the course of one unit or topic. Almeqdadi (2000) studied area and perimeter. McClintock, Jiang, and July (2002) observed three-dimensional geometry. Hollebrands (2002) investigated transformations. What is needed is a sort of comprehensive study, where GSP is not the sole means of instruction but is employed intermittently in each unit. The teacher of the experimental class would also teach the control class, which would refrain from using GSP throughout the year. By studying these students and comparing their gains throughout the year with the control group, we, as educators, might gain a greater insight into the extent of the impact of using GSP.  
Conclusion


The Geometer's Sketchpad allows students to visualize the typically static world of high-school geometry in dynamic ways. GSP provides students with a sense of control over their learning, even if a teacher designs the activities for a specific purpose. This change from a teacher-centered classroom to a student-centered environment can improve student engagement with the material. Students become less afraid of being wrong when making conjectures; they are able to test their ideas using GSP and thus improve their understanding regardless of whether their initial guesses were correct or incorrect. When given proper training on its use beforehand, GSP becomes a powerful learning tool in the classroom.

The Geometer's Sketchpad is not, however, a one-step solution to refining the geometry curriculum. If students use GSP everyday, they will tire of this type of instruction just as students often get bored in a class in which the teacher lectures everyday. Also, many schools do not have access to enough computers to make daily use of GSP feasible. Finally, some students may not react well to doing group work on the computer and may instead prefer a more traditional classroom environment. These concerns should discourage teachers from using GSP as the sole means of instruction, but they should not be a deterrent from incorporating dynamic software into the curriculum.

Taking into account the advantages and disadvantages of The Geometer's Sketchpad detailed above, I do support the use of GSP as an educational tool in the classroom. Teachers should spend multiple class periods at the beginning of the school year training the students to use the tool. Instructors should carefully script each of these lessons step-by-step in an attempt to prevent off-task behavior with GSP. After students complete the training, teachers should strive to use GSP in a way that supplements their traditional lessons and activities. Dynamic geometry software should support the textbook, not replace it. By varying the method of instruction between lectures, hand-on activities, and GSP labs, none of the approaches become stale for students and reduce their engagement with the material. Students should make conjectures about problems posed by teachers and test their solutions by experimenting with GSP; in this way, teachers can guide the learning process while still allowing students to have a sense of control over their learning.

The Geometer's Sketchpad has the potential to be a powerful tool for improving students' understanding of geometry. Some researchers have found that the use of GSP in the classroom has increased student achievement, while other studies have shown mixed results. More research is necessary so that teachers can come to an understanding of how to maximize the impact of using GSP in the classroom. In the meantime, educators with access to GSP should look for ways to incorporate it into the geometry curriculum in order to create a dynamic learning environment that can improve student engagement and understanding.
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