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Abstract:  Microcomputer-Based Laboratory (MBL) tools allow students to collect and analyze data in real time.  The coupling of MBL with the appropriate curriculum and environment has been shown to increase the gains of conceptual understandings of kinematics.  There are positive aspects of implementing MBL in the classroom and a lot of research why its implementation supports a reformed physics classroom.  A new MBL tool called the Xplorer GLX by PASCO was implemented into mechanics laboratory exercises of an introductory physics course to determine if the cost, usability, reliability, and feasibility of the system are on par with other MBL systems or if there are any features (or lack thereof) which set it aside from other MBL systems.  It was found that the portability of the GLX system was its defining feature, and that other aspects such as input and output, sensor reliability, graphing, ease of use, and quality of graph were similar to other systems.

The Research
Introduction
There are digital devices that allow a user to collect data by using various probes that detect changing experimental conditions, such as position, velocity, acceleration, temperature, pH, etc.  The data is stored in the device and can be displayed in various representations, allowing the user to analyze the data while the data is being collected or at a later time.  The system of using such devices for school instruction can be considered a Microcomputer-Based Laboratory (MBL), or sometimes referred to as a “datalogger,” and makes use of a computer or a graphing calculator, the latter allowing for portability.    There are some devices whose primary functions are to collect, store, and display the data, such as the Xplorer GLX by PASCO, and can provide a portable, less expensive, and less complicated experience than most computer or calculator based interfaces.   

There are many advantages of using MBL in the physics classroom, all of which can lead the students to a deeper conceptual understanding in kinematics for a typical high school or college level physics curriculum.  Not only are the students not burdened with the mundane chores of collecting and graphing the data themselves, but the immediacy of the graph generated by the computer has been shown to increase gains of conceptual understanding of certain material.  Moreover, MBL can promote motivation for the students, give them an opportunity to have ownership over their learning and the flow of the class, and it can help students overcome difficulties with graphing and promote critical thinking skills.  Lastly, MBL can be used to create an active learning environment, even in a lecture style classroom, such as in an Interactive Lecture Demonstration.

Using MBL in the science laboratory can simplify many of the aspects that go into a well designed and pedagogical-rich lesson.  Because the computer can instantly capture data and generate graphs, students are not burdened with the mundane chores of collecting and graphing data by hand.  This allows for the students to focus on how the experiment is designed and on trends and relationships amongst the variables (Choo, 2006).  Having the graph generated and continuously maintained  by the computer allows students to use their short-term memory to make predictions about the graph and come up with possible explanations on why the graph looks the way it does (Lapp, 2000).  Furthermore, by alleviating the “information-processing demands” on the students, it allows them to better link the graphs to the real world event that took place to produce that graph (Lapp, 1999, p.8).  Students can concentrate more on the phenomena and relationships at hand (MacIsaac, 1996).  

The fact that the graph can be generated immediately plays a role in allowing students to better link the graph to the actual event (Lapp, 2001).  When the graph is produced immediately, the students can generate links between the graph and the physical phenomenon very quickly (Choo, 2006).  This could help facilitate in the understanding of the concepts presented in the experiment.  Heather Brasell’s work in studying the effects of real-time laboratory graphing suggests that “the immediacy of graph production is probably the most important feature of MBL activities” (Lapp, 2000, p. 505).  The immediate feedback of MBL tools was found by Thornton (1987) to help students correct their understandings by making the abstract more concrete (Hale, 2000).  Furthermore, students can study the consequences of changing experimental conditions within a single laboratory period because the data is measured and displayed so quickly (Thornton, 1990).  Providing opportunities to students to discover more relationships amongst variables can provide a deeper understanding of the concepts at work in the experiment.  

With implementation of MBL practices in the classroom, students become actively involved in their learning (Thornton, 1990).  Use of MBL creates views in students where they recognize themselves not as passive participants, but that their views influence the progression of the class, and, ultimately, their learning (Thomas, 2004).  From here, the students assume more responsibility and control in their science experiments and will be able to reflect on the reasons why the experiment may have not gone as planned, leading to more learning from such investigations (Choo, 2006).  

The implementation of MBL may also promote student interest and motivation.  MBL devices are high-tech, novel, and interesting, which can provide a “hook” in catching the interest of students.  Strong motivating factors, such as instant data logging and analysis, will promote and make it easier for students to repeat experiments, ultimately collecting more data (Choo, 2006).  Furthermore, the generated interest promotes social interaction among the students and with the teacher (Choo, 2006).  It is through discourse that students may develop deeper understandings of the concepts at hand and bring misconceptions to the forefront.
Several areas of graphing difficulties have been identified.  Students have difficulties in connecting graphs with physical concepts, connecting graphs with the real world, transitioning between graphs and physical events, and building graphical concepts through student discourse (Lapp, 2000).  Some examples include when students see a graph as one object instead of a relationship between variables, when they confuse slope and height of a graph, and when they confuse the shape of the graph for the path of the physical event (Lapp, 2001).  The features of MBL allow for the improvement of graph interpretation skills.  A study done by Michael Svec on graphing interpretation skills concluded that “MBL significantly improved the students’ ability to determine the direction of motion from a motion graph, and to qualitatively interpret distance-time graphs, velocity-time graphs and acceleration-time graphs” (Lapp, 2001).  Graphical understanding is encouraged by MBL through student interactions with each other, the devices, and the physical situation (Lapp, 2000).  Furthermore, the deepening of graphical understanding is further made possible by the real-time graphing aspect of MBL (Lapp, 2000).  A common exercise to strengthen the ability to transpose between graphs and physical motion is to have a graph already made and the students must “match” the graph with their own movements.  The real-time graphing allows for students to correct their mistakes during the exercise, and their actual movement provides a deeper connection between the abstract graph and its event.

The processes set forth by a lesson implementing MBL can promote students to develop their critical thinking skills.  Many of the advantages of MBL already stated can help promote critical thinking.  MBL can engage students to ask questions about the design of the experiment, the underlying concepts, and the relevance of such concepts; giving them the capacity to use, apply, and transform the concepts in order to create new ideas and inferences.  MBL can promote the understanding of the difference between observation and inference, and give opportunities for the students to reflect on their own work and thinking skills.

Lastly, MBL can be used in a lecture style classroom in an Interactive Lecture Demonstration (ILD), a strategy popularized by David Sokoloff and Ronald Thornton that uses real-time data collection, graphs displayed by a projection monitor, and a lot of interaction amongst the students.  It is the quick response of the MBL that makes it possible to successfully implement interactive lectures in a physics curriculum (Bernhard, 1997).  

Findings

After years of implementation into the classroom, MBL has produced some findings that may advocate a rethinking of how it is used in the classroom.  First, and foremost, MBL must be coupled with the appropriate environment to be effective.  MBL by itself is not the answer.  Second, it was found MBL may be doing too much of the work for science students allowing their misconceptions to go unnoticed, like what the calculator did for many math courses.  There have been reports where the students do not trust the results and, yet, some cases of students trusting the results too much.  Finally, some barriers and challenges in using MBL have been identified, including adoption rate, not enough time, lack of support, and technical problems.  

MBL tools themselves were found to not be enough to contribute to conceptual gains, but should be a part of a learning environment that includes the tools, curriculum, and the social and physical setting of the classroom (Lapp, 2001).  Seah Choo (2006, p.5) commented in her review that “the way in which teachers organise the classroom, the instructions they give, the guidance they provide and the rapport they establish with the pupils all influence the course of the datalogging activities and the quality of discussion generated.”  Thornton and Sokoloff (1990) believe that there are five characteristics of a MBL environment.  In this environment, students focus on the physical world, are provided with immediate feedback, are encouraged to collaborate, use tools that reduce unnecessary drudgery, and understand the specific and familiar before moving to the more general and abstract (Thornton and Sokoloff, 1990).  It is imperative that a teacher who implements MBL into the classroom knows how to create the correct environment in the classroom in order to obtain the benefits of implementing such devices.  For example, although having collaborative work groups can be beneficial in constructing physics concepts; it was found that groups may converge on a misconception (Lapp, 2000).  After an experiment, a whole-class discussion for further discourse could resolve such misconceptions.

In a nine month study done by J. Bohren on graph construction skills, it was found that graphing software contributed to the cover-up of student misconceptions of scale.  Imagine a more advanced math course in which the teacher allows the students to use a calculator on the various assignments of the course in order to calculate some of the mundane calculations found in the problems associated with the course.  Because the calculator is doing the computations for the students, the teacher will not know which student is having difficulty with the more simple computations needed to do the more complex mathematics.  With the use of MBL, one can see how because the computer generates the graphs for the students, the students may never learn the necessary graphing skills or fully comprehend how graphs work.  Therefore, it is important for students to build the concepts of graphing first before letting a machine do it.  A teacher could require the graphs from the first couple of labs to be drawn out by hand, and only when the teacher knows each student has a firm grasp on how to create, manipulate, and read graphs, should the teacher allow the students to use a computer to generate the graphs.

In looking at the different difficulties students have with graphing and MBL, it was found that due to a lack of inexperience with the devices, some students did not trust the results given by the instruments (Hale, 2000).  It is recommended that student discourse should be guided by the teacher to alleviate this problem (Hale, 2000).  On the contrary, there were times when students put too much trust in the results of the MBL, and believed any output given by the machine, even though the results clearly contradicted common sense (Lapp, 2001).  This could be a perfect example where a teacher could promote critical thinking in the laboratory and guide the students to think why the results were produced the way they were.

Despite the ease of use of the hardware and software, there has been a slow adoption rate of MBL among science teachers of the UK, US, and elsewhere (Choo, 2006).  A lack of time could cause a teacher to decide that it is not worth their while to try and implement MBL into their curriculum.  A fair amount of time is spent on getting use to the equipment, changing lab protocols to accommodate new equipment, and setting up the equipment itself.  Many teachers are pressed enough for time as it is.  Other barriers that could slow down the adoption rate of MBL into the classrooms may include limited access to resources (like funds and help) and equipment, unreliability of the equipment, few training opportunities, and low confidence level (Choo, 2006).  To promote the use of MBL in the science classroom, it is important for teachers to know all of the benefits that can come from such implementation.  If teachers understood the scope of relevance to current pedagogical practices, they would be quick to try to implement MBL into their curriculum.

Reformed Physics

The reformed science classroom is more process-oriented, where skills such as analysis, questioning, synthesis, and problem solution through laboratory experiments are stressed (MacIsaac, 1996).  The many aspects of a reformed physics classroom are supported by the implementation of MBL into the curriculum.  For example, MBL supports the many facets of inquiry-based learning and provides an opportunity to do real science.  Furthermore, MBL can be used in the development of conceptual ideas and allows a teacher to determine student misconceptions.  MBL can be used in conjunction with techniques such as “idea first and name afterwards” and developing operational definitions.

Inquiry is defined as:

A multifaceted activity that involves making observations; posing questions; examining books and other sources of information to see what is already known; planning investigations; reviewing what is already known in light of experimental evidence; using tools to gather, analyze, and interpret data; proposing answers, explanations, and predictions; and communicating the results.  (National Research Council [NRC], 1996, p.23)

But inquiry goes beyond just that.  According to Inquiry and the National Science Education Standards, inquiry-based learning is not just the use of inquiry, but knowing how inquiry can create an outcome resulting in scientific knowledge (National Academy of Sciences [NAS], 2000, p.13).  It is important to just not use inquiry, but to “seek to build student understanding of how we know what we know and what evidence supports what we know” (NAS, 2000, p.13).  Through carefully created lessons or guided experiments that implement MBL, students would be able to make observations and pose questions about the experiment, plan investigations, research, use appropriate tools, and partake in other activities found in an inquiry-based classroom.  By allowing students to seek to understand how and why things are known, their critical thinking abilities are practiced and deepened.  As P. Laws (1989) put it so eloquently, “MBL tools provide an ideal medium to support the development of physical intuition through direct inquiry” (as cited in Lapp, 1999, p.8).  MBL tools provide a science student with the ability to explore, measure, and learn from the physical world, and give students the ability to do real science (Thornton, 1990).

In the development of conceptual ideas, Arnold Arons suggest conducting the classroom with the notion of “idea first and name afterwards” (Arons, 1997).  Without introducing the name of the concept, students can understand the meaning of the concept by using simpler terms and through shared experiences.  When the students learn to define a term by knowing the processes involved in forming the definition of the term, they know what is referred to as the “operational definition” of the term (Arons, 1997).  Through operational definitions, students may hold a more personal and deeper meaning to the understanding of a concept, promoting retention.  These two classroom strategies can take advantage of what MBL has to offer.  For example, students can learn velocity from position-time graphs, and acceleration from velocity-time graphs using MBL.  With the connection of physical activity to an abstract idea, such as a graph, defining the term will mean a lot more to the student and they would have more ownership over their operational definition of the term.

According to MacIsaac and Falconer (2002), there are many aspects to a reformed physics classroom.  Of the 25 aspects as part of Reformed Teaching Observation Protocol (RTOP), a good handful can be supported by MBL.  Through lesson design and implementation, MBL can help foster learning communities, discover concepts before formal presentation, look for and identify alternative approaches, and include student ideas in the classroom.  Within the mindset of content, MBL can help teachers involve fundamental concepts, build stronger frameworks amongst concepts, and use elements of abstraction as far as representation.  MBL can help make and test predictions and allow students to assess their procedures and their own learning.  Furthermore, MBL can help create an atmosphere where students communicate, whether it is their ideas, a different mode of thinking, with another student, or in asking a question.
When students come to a physics classroom, they bring with them incorrect conceptions of how the world works.  Because these conceptions are influenced by personal experiences, they are deeply rooted and should be addressed as soon as possible.  It is best to have a method that brings these misconceptions to the forefront so that they can be modified and reflect current understanding.  MBL can be used as that vehicle for many educators which allows them to discover the misconceptions of their students.  For example, when a student’s current view of motion conflicts with what the computer is telling them, they are forced to confront the contradiction.  Granted, if the computer contradicts common sense, then the student should challenge the results through discourse, as mentioned earlier.  Through interaction with the computer, other students, and even the teacher, can modify their understanding of motion to accommodate the conflict and still maintain their own connection with past experiences.

The Study

Purpose of Study

There are many reasons why a physics teacher should consider using MBL as part of the curriculum.  The advantages are plentiful in regards to the conceptual understanding gains students receive with their instruction coupled with the use of MBL equipment.  MBL can simplify experimental design and processes and relieve students of mundane chores giving them an opportunity to focus on the concept at hand.  It not only provides immediate feedback, but can gain the interest of students and provide ownership for their learning, allowing them to become an active participant of the class.  MBL activities are important in confronting student difficulties with graphing and can promote critical thinking skills.  

It is important to recognize that the inclusion of MBL practices alone is not enough to contribute to gains; rather MBL must be coupled with the correct curricular material that leads the students to study the phenomena of the world.  Teachers should be aware of potential hazards with the use of MBL, such as hiding misconceptions, students not trusting or putting too much trust in the results, and common barriers teachers encounter with implementation.  The advantages MBL provides for physics curriculum should be enough motivation for teachers to become familiar with the devices, overcome these barriers, and begin to implement MBL into the curriculum right away.

Due to factors such as funding, time constraints, and accessibility, it may be difficult for some teachers to purchase, become familiar with, and implement MBL equipment into their curriculum.  A study is currently being pursued to qualitatively and quantitatively assess the cost, usability, reliability, and feasibility of the handheld Xplorer GLX by PASCO for use in the kinematics aspect of a typical physics curriculum.  The following is one stage in a comprehensive action research project involving the implementation of the GLX. 

The Device

The GLX has a 320 x 240 grayscale screen (which includes a backlight) that allows the user to see a graph generated in real time.  The GLX has four sensor ports that can connect to PASPORT sensors directly or to ScienceWorkshop sensors with use of an adapter.  Also, it has 4 specific built-in ports for sound, voltage, and two temperature probes.  Ten megabytes of internal memory and a rechargeable NiMH battery allow for many experiments to be created and stored throughout the day without being hooked to anything.  The GLX also has a USB port which allows for the use of a mouse or keyboard, printing right from the device, and to act as an interface for a computer (Although the GLX is a stand-alone machine, it can be used as the interface between the sensors and a desktop or laptop computer running the included software).  The program (Firmware) installed on the GLX is upgradeable for free at PASCO’s website, and allows the company to add new features to the program responsible for data collection, graphing, etc, and remove or fix bugs that may be written into the programming.

Methods

The Xplorer GLX was implemented into mechanics laboratory exercises of a college level introductory physics course at Buffalo State College.  The laboratory exercises used were Lab 1 and 2 of Real Time Physics by Laws, Sokoloff, and Thornton and included investigating distance-time graphs, velocity-time graphs, and acceleration-time graphs by use of a PASPORT motion sensor, cart, track, and fan. The manuals were modified minimally to accommodate the use of the GLX instead of a computer based system (e.g. hitting the “►” button instead of clicking the “Collect” button on the computer screen).  The class was broken down into groups of 2-4 students and half the class used the Xplorer GLX, while the other half used Vernier LoggerPro system.  The groups then switched systems for the second lab so that all groups used the GLX system at least once.  

During the laboratory exercises, the students were monitored by the teacher and lab assistants.  A qualitative comparison between the two MBL systems was made previous to the lab and during the lab by observation with respect to students’ time on task, the amount and types of questions they were asking, and whether the students were focusing more on the principles behind the exercise or on the technology.  After the second lab, the students were asked to fill out a mini-questionnaire asking them to rate various attributes of the GLX and provide comments about using the GLX.  The rating scale was 1-5, 5 being the highest rating.  Attributes considered for the questionnaire include ease of use, data collection, portability, size, graphing, sensor reliability, I/O (input and output), and the quality of the graph.


The Questionnaire

Please rate the following attributes on a scale of 1-5. 

1 Terrible      2 Bad       3 Average
     4 Good       5 Excellent
Ease of use ______
Data collection​​______     Portability______     Size_______ Graphing______
Sensor reliability_______
I/O (input/output)______        Quality of graph______


Please add any additional comments.


Results

Xplorer GLX as a MBL tool

Like other MBL tools, the GLX dramatically reduced the mundane chores of collecting data and making graphs by collecting and storing data for the user and producing an immediate graph for observation.  However, like other MBL tools, the GLX allowed for difficulties with graphing to arise.  For example, difficulties occurred with connecting graphs with physical concepts and the real world, or transitioning between physical movement and a graphical representation, but no more or less than the other MBL system.  It is not as if there is some superior MBL system that when used all graphing difficulties vanish, rather that students have graphing difficulties before they even come to class.  It is in hopes that the use of any MBL systems can help alleviate these difficulties.

The GLX provided the “hook” for some students and created hesitation in others.  It was found that some students were eager to use the new device to perform the lab such that they seemed excited to try it or said “cool” when it was placed in front of them.  However, there were some students that preferred to use the system already integrated into their course.  When handed the GLX, every student within the particular group was silent and looked at each other with disappointment.  In all, I thought the GLX was well received and acted as a vehicle for student motivation.

During the lab exercises, some critical thinking skills were noticed within the groups using the GLX devices and within the groups using the other MBL system.  For example, when the GLX produced extraneous data, the students brainstormed on what other factors within the environment could be causing the “noise.”  It could not be determined if the GLX system allowed for more critical thinking to occur than the other system.

The GLX system seemed to be easier to use than the other MBL system and even the most inexperienced person, a student using it for the first time in this case, was able to use it.  The directions for the GLX system were imbedded into the lab manual, so this was expected.  But as compared to the other MBL system, the students seemed to have less operational problems with the GLX, but this could have been due to the differences in the quality of system instruction within the two different lab manuals.

Lastly, the GLX system, like other MBL systems can promote a reformed physics classroom by providing opportunities for inquiry-based lessons, real science, the development of concepts, and the teacher being able to determine student misconceptions.  Although the GLX system allowed for operational definitions to be formed and utilized, the labs used did not allow for “idea first, name afterward” method to be used.  

Advantages/Disadvantages of the GLX

From personal experience and from the results from the student questionnaires, the best feature of the GLX system is its portability.  It allowed students to perform the laboratory exercise without being restricted to a computer and allowed us to utilize the whole classroom.  When space was limited, some parts of the lab were even done in the hallway, giving the students more freedom to move around when using the motion sensors.  

Another great feature of the GLX system is how easy it was to set up and use.  Whereas some systems require the user to run specific applications, connect interfaces, calibrate sensors, or do all the necessary steps to collect data, the GLX only requires you to turn it on and plug in a sensor, and it’s ready to go.  Furthermore, the ease of use of the GLX went beyond just the setup of the equipment.  During data collection, the graph is automatically scaled to produce the best visual graph for the screen, and the device automatically saves every “run” or trial when repeating the experiment, giving the opportunity to compare a graph to another run of the same experiment.  

An advantage of investing in the GLX is getting free Firmware updates through a computer’s internet connection.  At first, I thought that this was a neat idea and that I could take advantage of in the future, but I found out that it was necessary for smooth operation.  Right out of the box, the GLX devices contained an older version of the Firmware and were freezing several times during a class period.  After updating the Firmware, however, the devices behaved more regularly and hardly froze.

One of the exercises in Real Time Physics, commonly called “match graph”, requires the students to match the motion of their own body with a template on the computer screen.  The Vernier system allowed us to create a template ahead of time where a faded line was fixed in the background of the graph so that when the student moved while collecting data, a new line was added on the graph.  This could allow the students to correct themselves "on the fly" during the exercise if they did not follow the line to match.  The GLX, however, did not allow us to perform this task.  Also, even though the students were able to match their movement with a graph on the lab sheets, the output screen was small and it was difficult for the students to correct themselves “on the fly” if they needed to.  

Although the screen is larger and has more resolution than the typical TI-83 calculator, many of the students found it difficult to view the screen when within a group of three or more.  Some exercises required them to copy the graph from the GLX to lab worksheets and having three or four students share the same GLX made it quite crowded.  Also, because the screen display is in grayscale, it was difficult to determine between shades of gray of one to another.  It is highly beneficial that two runs can be viewed at the same time on the same graph, but it was difficult to determine which line was from which run (they can be displayed on separate graphs, but the graph is half the size in the y-direction).  Furthermore, the GLX is unable to display more than two runs at a time. 

As mentioned before, the graph created during data collection is automatically scaled in order to produce the best visual graph and helps to see all of the trends along the line.  However, when we started comparing one run to the next, the two graphs did not necessarily have the same scale, and if the observer wasn’t careful, it would appear that two different runs would have the same slope.  This caused some problems when the point of the exercise was to compare the steepness of various slopes.  There is not a way to turn off the auto-scale feature.

There are some other considerations if you are or are planning to use the GLX system in your laboratory.  Like any computer, I found it necessary to have the student groups save their work often.  If anything should go wrong (i.e. program freezes or auto-off occurs) then the students were able to load up their project again and start from where they left off.  Also, depending on use, the battery may last only one school day.  I recommend plugging in each machine every night so that they are fully charged for the next day.  Technical assistance was a great help in getting to know the ins and outs of the GLX.  Every time I called, I got an assistant right away and they were able to help me with the system.  Also, the last time I called, a technician confirmed that the Firmware was modified so that the two different shades of gray on a double graph are now more distinguishable.

The cost of the GLX system (around $300 each) is resonable considering what you get for the price, especially if your school already has PASPORT or ScienceWorkshop sensors.  The GLX may be used across various disciplines of science allowing them to be shared amongst departments.  The GLX comes with two temperature probes, a voltage probe, USB cable, an adapter to recharge the battery, and the necessary software.  Other sensors, like the SONAR ranger, are sold separately.  

Student Responses 
Through observations of the students during the laboratory exercises, there was not a difference between the two different groups of students in regards to time on task, the amount and type of questions asked, and whether the students were focusing more on the principles behind the exercise or on the technology.  Both systems required questions of the laboratory exercise itself and of the equipment, and both systems accomplished the same goal. 

From the student questionnaires, students favored the portability of the GLX system over its ease of use, data collection abilities, size, graphs, sensor reliability, and input and output features.  The ease of use and sensor reliability attributes received the lowest ratings of all of the attributes.  These scores, however, could have been higher because some of the students used the GLX system before the latest Firmware was installed and the repetitive crashes and reloading may have resulted in the student not favoring 
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ease of use and/or reliability.  GLX systems that are sold have a more recent version of the firmware, but downloading and installing the latest firmware is recommended.

The students gave a wide variety of comments on their questionnaires about using the GLX.  Some liked it, thought it was a good tool, or thought it worked well, while others found it too complex, harder to use than the computer program, or confusing to get the information.  One student also commented on how it was difficult for everyone in the group to see the screen all at once.

Conclusion

There are many reasons why a physics teacher should consider using MBL as part of the curriculum.  The advantages are plentiful in regards to the conceptual understanding gains students receive with their instruction coupled with the use of MBL equipment.  The advantages MBL provides for physics curriculum should be enough motivation for teachers to become familiar with the devices and begin to implement MBL into the curriculum right away.

Through the observations taken during the laboratory exercises and the results from the student questionnaires, it appears that using the GLX system rather than another MBL system did not contribute to more of a conceptual understanding of the material.  For a deeper understanding of how much conceptual understanding took place compared to another MBL system, a measurement of student understanding, like a post-lab concept test, between various groups would be in order and a larger population of students could be helpful.  A post-lab measurement would require that only one group of the total number of students could use the GLX system, and this would result in not allowing the entire student population to try the GLX.

The results of the questionnaire were only used to rate the attributes of the GLX and did not help in comparing the GLX system to the Vernier LoggerPro system.  The questionnaire provided information on which attribute of the GLX was rated best.  For the next round of implementation, a second questionnaire should be used in order to provide data between the different systems.  This could provide insight on whether the GLX system is easier to use.

I recommend the GLX Xplorer by PASCO mainly due to its portability, but also if your school already owns PASPORT and/or Science Workshop sensors.  Even if your school is equipped with computer-based laboratory sensors and interfaces, the GLX will allow for a powerful and portable science lab wherever needed.
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