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Abstract:  A new datalogging tool called the Xplorer GLX by PASCO was implemented into mechanics laboratory exercises of an introductory physics course at Buffalo State College to determine if the cost, usability, portability, reliability, ease of use, and updateability of the GLX is on par with Vernier Logger Pro, or if there are any features (or lack thereof) which set it aside from Vernier Logger Pro.  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.

Acknowlegements: This manuscript addressed the requirements for PHY690: Master’s Project at SUNY-Buffalo State College.  Pasco provided Xplorer GLX devices and sensors.  Parker Troischt, Physics Department, SUNY-Buffalo State College, allowed for the implementation of the GLX probes into the classroom.  Comments from Edward VonIderstein and Kathleen Stadler, Lab Assistants, Physics Department, SUNY-Buffalo State College.  Error and omissions are responsibility of the author.

Datalogging tools allow students to collect and analyze data in real time.  For a review of how datalogging devices with the appropriate curriculum and environment can increase the gains of conceptual understanding of kinematics in students see Rausch (2006).  The advantages of incorporating dataloggers into the physics curriculum outweigh any potential drawbacks and, so, dataloggers should seriously be considered for use in the teaching of kinematics.
Data collection sensors are usually interfaced with a desktop or laptop computer.  Current methods of portable datalogging involve the use of calculators, such as the TI-83, which are designed for other tasks and typically have a poor interface for the tasks necessary in datalogging.  However, a new datalogging device by Pasco called the Xplorer GLX can capture, analyze, store, display, and print data without being connected to a computer or calculator, providing a portable and powerful science lab.
Figure 1

The GLX has a 320 x 240 grayscale screen (with 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.  The GLX also has a USB port which allows for the use of a mouse or keyboard, printing right from the device, and communication with 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 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 any bugs that there may be in the programming.

For this review, 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 (1994) and included investigating distance-time graphs, velocity-time graphs, and acceleration-time graphs by use of a PASPORT motion sensor, cart, track, and fan. Lab instructions were minimally modified 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 devices for the second lab so that all groups used the GLX system.  

During laboratory exercises, the students were monitored by the author, teacher and lab assistants.  A qualitative comparison between the two datalogging systems was observed 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 both labs, 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. 
From personal experience and from the questionnaires the students filled out, the best feature of the GLX system is its portability.  Portability allowed students to perform laboratory exercises without being restricted by a cable within two meters of a computer and allowed us to use the whole classroom.  When space was limited, some parts of the experiment were even done in the hallway, giving the students more freedom to move around when using the motion sensors.  
Another feature of the GLX system is ease of set up and use.  While 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.  Furthermore, 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.  With the ease of setting up and using the GLX, cognitive overhead can be reduced as to allow the user to focus more on the data and experiment, and less on how to use the tool.
An advantage of investing in the GLX is getting free firmware updates through the Internet.  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 popular exercises in Real Time Physics (Laws, et al., 1994), commonly called “match graph”, requires the students to match the motion of their own body with a x(t) or v(t) graph on the computer screen.  Vernier Logger Pro 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.  
Because the display is in grayscale, it was difficult to differentiate shades of gray.  It is highly beneficial that two runs can be viewed at the same time on the same graph, such as in comparing slope, but it was difficult to determine which line was from which run.  It should be noted that the runs can be displayed on separate graphs, but the graphs are half the size in the y-direction and different slopes may appear the same.  Since the implementation, a representative of Pasco explained that an update of the firmware has made the grays more distinguishable.  Also, 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.  This is something to take into consideration if co-operative learning will be taking place with the dataloggers.
The graph created during data collection is automatically scaled in order to produce the best visual graph which 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 axis 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 various slopes.  There doesn’t seem to be a way to turn off the autoscale feature.  Hopefully this will be addressed in future firmware upgrades.

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.  The technical assistance from Pasco was excellent.  Every time I called, I got an assistant right away and they were able to help me with the system.
The cost of the GLX system (around $300 each) is resonable considering what you get for the price, and 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, a USB cable, an adapter to recharge the battery, and the necessary software.  Other sensors, like the SONAR ranger, are sold separately.  


From my 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 scores 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 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 still recommended.
Figure 2

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.  It was also commented that it was difficult for everyone in the group to see the screen all at once.


Through observations of the students during the laboratory exercises, there did not seem to be a difference between the two 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 the equipment, and both systems accomplished the same goal.
I recommend the GLX Xplorer by PASCO mainly due to its portability, and even more 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 science lab wherever needed, whether it is in the field, hallway, or even an amusement park.  
Summary
The Xplorer GLX is a portable, easy to use, updateable, and durable low cost alternative to more expensive systems for datalogging.  The GLX could be ideal for the typical physics curriculum in secondary education and, may be used at the college level.  There are few interface issues, such as the small, monochrome screen, and some minor bugs in the firmware.  Current updates to the firmware and new probes using Bluetooth technology have yet to be addressed.
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