BINARY SIGNALS
FACILITATOR NOTES

Overview

We often expect to see the output of a computer or calculator as a display on a screen or perhaps as a printed document. In a great many cases, however, the practical output of a computation is used directly to control something physical. In this activity, students explore the use of integers 0 through 15 to activate 4 LEDs (light-emitting diodes). The pattern of the outputs follows the standard binary system, which is an important foundation for modern computers, calculators and all other digital electronics.

Goals of the Activity

· Develop, test and evaluate a coding system for use in person-to-person and person-to-machine communications.

· Send and interpret information using a 4-bit binary system.
· Analyze and evaluate information and energy flows in a simple remote-control technological system.

Standards

Standards for Technological Literacy (ITEA)
2

Core concepts of technology
--
Technological systems include input, processes, output, and at times feedback. (6-8)
--
Controls are mechanisms or particular steps that people perform using information about the system that causes systems to change. (6-8)
17
Understand information and communication technologies

--
Communication systems are made up of a source, encoder, transmitter, receiver, decoder, and destination. (6-8)
--
Information and communication systems allow information to be transferred from human to human, human to machine, machine to human, and machine to machine. (9-12)
National Science Education Standards (NRC)
E

Science and Technology
Abilities of Technological Design

-- Design a solution or product (9-12)

-- Implement a proposed design (9-12)

-- Evaluate technological designs or products (9-12)
Math Standards (NCTM)

Numbers and Operations

Understand numbers, ways of representing numbers, relationships among numbers, and number systems

-- develop meaning for integers and represent and compare quantities with them. (6-8)
Understand meanings of operations and how they relate to one another

-- understand the meaning and effects of arithmetic operations with fractions, decimals, and integers (6-8)

Equipment/Software Needed

FOR EACH GROUP OF 4 TO 8 STUDENTS:

Binary Basic Trainer or Basic Switch with cable

TI-83/84 Graphing Calculator

CBL or CBL2 or LabPro with either batteries or AC adapter
Link cable (to connect calculator to CBL or LabPro)

Small toy vehicle (Matchbox or similar)

FOR THE CLASS:

RC Controller with cable

4-function RC Vehicle with hand controller

TI-Presenter or TI-ViewScreen projection system
CALCULATOR PROGRAMS: SIGNAL, DCUINIT
Activity Set Up

Prepare the equipment and calculator programs. Identify a location with sufficient space for the RC vehicle to function and use masking tape to mark a “target” about 1-m square on the floor.
Pre-Activity Discussion

Explain that all control systems involve information and energy. Demonstrate briefly how the hand controller makes the RC vehicle go forward, backward, turn left and turn right. Have students identify the energy sources (batteries in the transmitter and the vehicle) and the information needed for an operator to move the vehicle to a selected target.

Select a volunteer to demonstrate moving the vehicle to the target. When the vehicle is in the target box, have students discuss what information was needed to succeed. Be sure they realize:
1. the importance of knowing the starting position and orientation of the vehicle with respect to the target. (If necessary, pick up the vehicle, put it somewhere else and ask, “What difference would it have made if the vehicle had started here instead?”
2. there are a variety of possible solutions. (You might ask, for example, if it would be possible to reach the target moving the vehicle only in reverse. Also discuss the advantages and disadvantages of some possible solutions.)
3. feedback is very important in this task. To emphasize this fact, have the volunteer face away from the vehicle and repeat the same task without looking at the vehicle.

Discuss the commands which a second student might use to direct a blindfolded volunteer in how to operate the hand controller. If necessary, guide the students to a set of 4 commands that correspond to the actions available on the hand controller—forward, back, left, right, stop. If students want to include time information in their commands (e.g., “Forward a little” or even “Forward for 2 seconds”) encourage them to do so. Try the original task again, with one blindfolded volunteer operating the hand controller and another calling out instructions.

Emphasize that this task IS very difficult, especially because it requires very rapid responses and detailed information. Emphasize that many real systems are even more difficult to operate and require much faster responses. Also emphasize that many of these systems are now operated by programmed computer controls, rather than by direct human action. Good examples include the deployment of airbags in an automobile accident and the operation of factory robots.
Demonstrate very briefly for the class how the RC Controller can operate the vehicle by sending a forward command (usually 2) for 1 second. Explain they will now be learning how to program automatic controls for the vehicle themselves. Divide the class into teams with about 4 to 8 students per team.

Facilitating the Activity

Part 1: Sending Signals
As you work with the students, be sure they understand that they are to develop a system for controlling the lights, not just a table. Help each group to discover and articulate the fact that “1” controls the red light, “2” controls the yellow, “4” controls the green and “8” controls the orange. Also guide them to recognize that sums (such as “5” which can also be entered in program as “1+4”) will light both the “1” and the “4” light. You can challenge or test groups with reverse questions, such as “What lights will come on if you enter ‘13’?” If the group must look at a chart or try the experiment before answering, encourage them to talk more about the pattern.
Part 2: Your Own Code

Some student groups (perhaps all of the groups) will reproduce the coding system you demonstrated earlier for the RC vehicle, and you should accept this as a valid response. Make it clear to the students, however, that other systems are possible and perhaps even superior, at least for communicating to people. If different groups create different coding systems, have them compare their system with the systems proposed by other groups and compare the advantages and disadvantages of each for sending signals to both people and machines. If you have enough discussion among the groups, you may be able to skip the alternative coding systems described in questions 6 through 9. (Note that neither of these coding systems quite matches the actual RC vehicle, but the second one comes much closer.) Emphasize that there is not one correct answer as the single best coding system, but that it is possible to develop and use clear criteria to choose between alternative systems. 

By the end of this part of the activity, students should realize that some factors which are important to people (for example, the tradition that red means stop) may not be important to machines. Also be sure they recognize that there is an advantage to a machine coding system which matches easily with the actual controls that operate the vehicle. Also discuss the advantages of getting everyone to agree on a single coding system, even if it isn’t necessarily the “best.” What would happen, for example, if some towns used red to mean “stop” at a traffic light which other towns used green to mean “stop”?
Part 3: A More Efficient Coding System

This part is optional and most appropriate for classes that want a deeper understanding of either computer operation or numeration systems or both. The essential advantage of the hexadecimal system is just that it packs more information into a single element or key press. It is much faster to send a “10” to the RC vehicle, for example, by pressing “A” then by pressing “1” and “0” and ENTER. Since the RC vehicle has only 7 distinct movements, the same result could be achieved using only the integers 1 through 7 and some groups may have discovered this as an advantage of the coding system they invented. The hexadecimal system, however, can handle up to 16 different signals—a full nibble of information—with a single key press.
Post-Activity Discussion

Be sure the students understand the difference between energy flow and information flow. The energy for the vehicle, for example, is provided by its on-board batteries but the information comes through electro-magnetic waves from the controller.

Discuss other examples of radio-controlled vehicles, such as rovers on Mars. Emphasis the need for feedback and point out that a signal from Mars takes several minutes to reach Earth and return. Guide students to recognize the need for on-board sensors and on-board “intelligence”—for example, systems that stop the Mars rover immediately if certain events occur. Also discuss automated systems on Earth, such as the sensors that open doors when you approach or deploy airbags in an automobile accident. In each case, have students identify the source of information, the encoder, the method by which the information is transmitted, and the outcome.
Group Activity Questions

See Report Forms.

Individual Assessment

Problems that may be used on a quiz or test:

1) Translate each of the following hex values to normal integer form.
A = ____     D = ___     7 = ___     0 = ___     5 = ___     F = ___

2) Translate each of the following integers to hex format.

11 = ____     9 = ___     15 = ___     10 = ___     5 = ___     0 = ___

3) Explain how feedback helps a person to be more effective in using the hand controller to operate an RC vehicle.

4) List two important characteristics of a good encoding system for use in sending signals to an RC vehicle.

Extending the Activity

Have students compare the 4-function RC vehicle they used with other remote-controlled vehicles, perhaps some that they bring to class from home. If possible, include vehicles that are less complex (for example, “forward / turn in reverse”) and some that are more complex (for example, vehicles with variable speed control or vehicles with a moveable shovel.).
Troubleshooting

If the system fails to operate, check all connecting cables and check that the vehicle is turned on. Also make sure the batteries in the Binary Basic Trainer, the RC Controller and the vehicle are all fresh. If the problem persists, replace the batteries in the CBL2/LabPro or use an AC adapter. 

Additional Resources
· Investigating Safely: A Guide for High School Teachers by Juliana Texley, Terry Kwan and John Summers, NSTA Press, 2004, ISBN10: 0-87355-202-4, available from http://store.nsta.org.

· Information about the Shannon-Weaver model of communication systems as being made up of a source, encoder, transmitter, receiver, decoder and destination (STL standard 17-I) is available from the Communication, Cultural and Media Studies CCMS-Infobase at http://www.cultsock.ndirect.co.uk/MUHome/cshtml/index.html.
· An explanation of the hexadecimal system and its use in computer science is available from Wikipedia at http://en.wikipedia.org/wiki/Hexadecimal. Wikipedia’s explanation of the binary system is at http://en.wikipedia.org/wiki/Binary_numeral_system.
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