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	8. THE DESIGNED WORLD 
A. Agriculture
	
	
	

	B. Materials and Manufacturing

Grades 3 through 5 

By the end of the 5th grade, students should know that:
· Naturally occurring materials such as wood, clay, cotton, and animal skins may be processed or combined with other materials to change their properties. 

· Through science and technology, a wide variety of materials that do not appear in nature at all have become available, ranging from steel to nylon to liquid crystals. 

· Discarded products contribute to the problem of waste disposal. Sometimes it is possible to use the materials in them to make new products, but materials differ widely in the ease with which they can be recycled. 

· Through mass production, the time required to make a product and its cost can be greatly reduced. Although many things are still made by hand in some parts of the world, almost everything in the most technologically developed countries is now produced using automatic machines. Even automatic machines require human supervision. 

Grades 6 through 8 

By the end of the 8th grade, students should know that
· The choice of materials for a job depends on their properties and on how they interact with other materials. Similarly, the usefulness of some manufactured parts of an object depends on how well they fit together with the other parts. 

· Manufacturing usually involves a series of steps, such as designing a product, obtaining and preparing raw materials, processing the materials mechanically or chemically, and assembling, testing, inspecting, and packaging. The sequence of these steps is also often important. 

· Modern technology reduces manufacturing costs, produces more uniform products, and creates new synthetic materials that can help reduce the depletion of some natural resources. 

· Automation, including the use of robots, has changed the nature of work in most fields, including manufacturing. As a result, high-skill, high-knowledge jobs in engineering, computer programming, quality control, supervision, and maintenance are replacing many routine, manual-labor jobs. Workers therefore need better learning skills and flexibility to take on new and rapidly changing jobs.

C. Energy Sources and Use

Grades 3 through 5 

By the end of the 5th grade, students should know that
· Moving air and water can be used to run machines. 

· The sun is the main source of energy for people and they use it in various ways. The energy in fossil fuels such as oil and coal comes from the sun indirectly, because the fuels come from plants that grew long ago. 

· Some energy sources cost less than others and some cause less pollution than others. 

· People try to conserve energy in order to slow down the depletion of energy resources and/or to save money. 

Grades 6 through 8 

By the end of the 8th grade, students should know that
· Energy can change from one form to another, although in the process some energy is always converted to heat. Some systems transform energy with less loss of heat than others. 

· Different ways of obtaining, transforming, and distributing energy have different environmental consequences. 

· In many instances, manufacturing and other technological activities are performed at a site close to an energy source. Some forms of energy are transported easily, others are not. 

· Electrical energy can be produced from a variety of energy sources and can be transformed into almost any other form of energy. Moreover, electricity is used to distribute energy quickly and conveniently to distant locations. 

· Energy from the sun (and the wind and water energy derived from it) is available indefinitely. Because the flow of energy is weak and variable, very large collection systems are needed. Other sources don't renew or renew only slowly. 

· Different parts of the world have different amounts and kinds of energy resources to use and use them for different purposes.

	D. Communication

Communication is the transfer of information and some means of ensuring that what is sent is also received. Technology increases the ways in which information can be communicated, the speed of transmission, and the total volume that can be handled at any one time. The spread of communication technologies brings social change, affects people's attitudes toward others, and influences behavior.

Nearly everyone is interested in audio and television systems, radar, and communications satellites, yet they need also to realize that earlier communication technologies, such as writing and moveable type, revolutionized civilization. And before that, the development of spoken language, coupled with mobility, was an important step forward in communication technology.

People are a part of every communications system, in both its design and operation. Many students see the communications industry as important for entertainment and job prospects. Students can move from being users of various communication devices to understanding general communications principles and appreciating opportunities and problems that come with these technologies.

Grades 3 through 5 

Students can start to study the internal workings of major communications systems, including those of the past. For example, they can study how the parts of the world are connected by telephone lines (many of which can be traced from a building to telephone poles and from telephone poles to the local switching office). Students can learn how telephone numbers are codes for activating switches and how these switches make a series of connections that link one location to another.

Students at this level delight in using secret codes. Their own experiences and stories about the use of codes can lead to reflections about the requirements for code use. By trying to break secret codes made by classmates, students can develop skills in finding patterns and using logic. Also, students are generally eager to use a variety of communication devices. They should gain experience using computers, audiotapes, and videotapes-as well as writing and drawing implements-to communicate information to classmates and students elsewhere.

By the end of the 5th grade, students should know that
· People have always tried to communicate with one another. Signed and spoken language was one of the first inventions. Early forms of recording messages used markings on materials such as wood or stone. 

· Communication involves coding and decoding information. In any language, both the sender and the receiver have to know the same code, which means that secret codes can be used to keep communication private. 

· People have invented devices, such as paper and ink, engraved plastic disks, and magnetic tapes, for recording information. These devices enable great amounts of information to be stored and retrieved-and be sent to one or many other people or places. 

· Communication technologies make it possible to send and receive information more and more reliably, quickly, and cheaply over long distances. 

Grades 6 through 8 

At this level, students can understand communication systems as a series of black boxes linked together to connect people in one location with people in another location. They can recognize that each black box in the chain accepts an input signal, processes that signal, and produces and sends a new signal. Consequently, a microphone is a black box that converts sound into electricity, an amplifier is a black box that uses a weak signal and produces a stronger signal, and a speaker converts electricity into sound. Building on their experiences with electricity, students can understand how these devices need to be connected together with wire to work. Students need to experiment with simple devices such as microphones, speakers, and amplifiers before they can think about more sophisticated devices such as video cameras, cathode-ray tubes, stereo systems, and satellites.

By the end of the 8th grade, students should know that
· Errors can occur in coding, transmitting, or decoding information, and some means of checking for accuracy is needed. Repeating the message is a frequently used method. 

· Information can be carried by many media, including sound, light, and objects. In this century, the ability to code information as electric currents in wires, electromagnetic waves in space, and light in glass fibers has made communication millions of times faster than is possible by mail or sound.

	E. Information Processing

Technology has played an important role in collecting, storing, retrieving, and dealing with information as well as in transmitting it. Through experience and discussion, students should learn that writing on paper, making drawings, taking pictures with a camera, talking into a tape recorder, and entering letters and numbers into a computer are all ways of capturing and saving information. The invention of writing, moveable type, tables of data, diagrams, mathematical formulas, and filing systems have all increased the amount of information that people can handle. Large amounts of information are needed to operate modern societies, and generating, processing, and transferring information are among the most common occupations in modern countries. Students should all become comfortable using computers to manipulate information and have some idea of the processes involved. They should also explore the social consequences of increased access to information and of the fact that some people or groups have greater access than others.

Grades 3 through 5
Children should have the opportunity to use and investigate a range of information-handling devices such as electronic mail, audio and video recorders, and reference books. They should gather, organize, and present information in several ways, using reference books, paper files, and computers.

Students are now beginning to encounter challenging information-processing problems in their school work. These problems have one or more appropriate procedures (software) for processing data, and these procedures often can be performed more efficiently with the aid of technology (hardware). Students should be encouraged to identify the data presented in the problem, develop a procedure for processing the data, implement the procedure with the aid of technology, and evaluate the reasonableness of their results. As students encounter more sophisticated problems with more complicated data sets, the procedures and tools that they use should also become more sophisticated. Eventually, students should be gathering data, processing information, and presenting the results of their data-analysis activities.

By the end of the 5th grade, students should know that
· Computers are controlled partly by how they are wired and partly by special instructions called programs that are entered into a computer's memory. Some programs stay permanently in the machine but most are coded on disks and transferred into and out of the computer to suit the user. 

· Computers can be programmed to store, retrieve, and perform operations on information. These operations include mathematical calculations, word processing, diagram drawing, and the modeling of complex events. 

· Mistakes can occur when people enter programs or data into a computer. Computers themselves can make errors in information processing because of defects in their hardware or software. 

Grades 6 through 8
Students should use simple electronic devices for sensing, making logical decisions, counting, and storing information. It is important to put programming in perspective. Only a tiny percentage of computer users need to know how to program computers. However, working out a simple program of only a few steps can help students see the importance of logical thinking and increase their understanding of how a computer works. Programming a computer also helps students realize that all the capabilities that computers have come from human intelligence.

By the end of the 8th grade, students should know that
· Most computers use digital codes containing only two symbols, 0 and 1, to perform all operations. Continuous signals must be transformed into digital codes before they can be processed by a computer. 

· What use can be made of a large collection of information depends upon how it is organized. One of the values of computers is that they are able, on command, to reorganize information in a variety of ways, thereby enabling people to make more and better uses of the collection. 

· Computer control of mechanical systems can be much quicker than human control. In situations where events happen faster than people can react, there is little choice but to rely on computers. Most complex systems still require human oversight, however, to make certain kinds of judgments about the readiness of the parts of the system (including the computers) and the system as a whole to operate properly, to react to unexpected failures, and to evaluate how well the system is serving its intended purposes. 

· An increasing number of people work at jobs that involve processing or distributing information. Because computers can do these tasks faster and more reliably, they have become standard tools both in the workplace and at home.

	1. Basic operations and concepts 

Students demonstrate a sound understanding of the nature and operation of technology systems. 

Students are proficient in the use of technology.
GRADES 3-5 

1. Use keyboards and other common input and output devices (including adaptive devices when necessary) efficiently and effectively. (1)

2. Discuss common uses of technology in daily life and advantages and disadvantages those uses provide. (1, 2)

GRADES 6-8

1. Apply strategies for identifying and solving routine hardware and software problems that occur during everyday use. (1)

9. Demonstrate an understanding of concepts underlying hardware, software, and connectivity, and of practical applications to learning and problem solving. (1, 6)

3. Technology productivity tools 

Students use technology tools to enhance learning, increase productivity, and promote creativity. 

Students use productivity tools to collaborate in constructing technology-enhanced models, prepare publications, and produce other creative works. 

GRADES 3-5 

4. Use general purpose productivity tools and peripherals to support personal productivity, remediate skill deficits, and facilitate learning throughout the curriculum. (3)

5. Use technology tools (e.g., multimedia authoring, presentation, Web tools, digital cameras, scanners) for individual and collaborative writing, communication, and publishing activities to create knowledge products for audiences inside and outside the classroom. (3, 4)

GRADES 6-8 

4. Use content-specific tools, software, and simulations (e.g., environmental probes, graphing calculators, exploratory environments, Web tools) to support learning and research. (3, 5)

5. Apply productivity/multimedia tools and peripherals to support personal productivity, group collaboration, and learning throughout the curriculum. (3, 6)

4. Technology communications tools 

Students use telecommunications to collaborate, publish, and interact with peers, experts, and other audiences. 

Students use a variety of media and formats to communicate information and ideas effectively to multiple audiences. 

GRADES 3-5 

5. Use technology tools (e.g., multimedia authoring, presentation, Web tools, digital cameras, scanners) for individual and collaborative writing, communication, and publishing activities to create knowledge products for audiences inside and outside the classroom. (3, 4)

6. Use telecommunications efficiently to access remote information, communicate with others in support of direct and independent learning, and pursue personal interests. (4)

7. Use telecommunications and online resources (e.g., e-mail, online discussions, Web environments) to participate in collaborative problem-solving activities for the purpose of developing solutions or products for audiences inside and outside the classroom. (4, 5)

GRADES 6-8

6. Design, develop, publish, and present products (e.g., Web pages, videotapes) using technology resources that demonstrate and communicate curriculum concepts to audiences inside and outside the classroom. (4, 5, 6)

7. Collaborate with peers, experts, and others using telecommunications and collaborative tools to investigate curriculum-related problems, issues, and information, and to develop solutions or products for audiences inside and outside the classroom. (4, 5)
5. Technology research tools 

Students use technology to locate, evaluate, and collect information from a variety of sources. 

Students use technology tools to process data and report results. 

Students evaluate and select new information resources and technological innovations based on the appropriateness for specific tasks.
GRADES 3-5 

7. Use telecommunications and online resources (e.g., e-mail, online discussions, Web environments) to participate in collaborative problem-solving activities for the purpose of developing solutions or products for audiences inside and outside the classroom. (4, 5)

8. Use technology resources (e.g., calculators, data collection probes, videos, educational software) for problem solving, self-directed learning, and extended learning activities. (5, 6)

9. Determine which technology is useful and select the appropriate tool(s) and technology resources to address a variety of tasks and problems. (5, 6)

GRADES 6-8 

4. Use content-specific tools, software, and simulations (e.g., environmental probes, graphing calculators, exploratory environments, Web tools) to support learning and research. (3, 5)

6. Design, develop, publish, and present products (e.g., Web pages, videotapes) using technology resources that demonstrate and communicate curriculum concepts to audiences inside and outside the classroom. (4, 5, 6)

7. Collaborate with peers, experts, and others using telecommunications and collaborative tools to investigate curriculum-related problems, issues, and information, and to develop solutions or products for audiences inside and outside the classroom. (4, 5)

8. Select and use appropriate tools and technology resources to accomplish a variety of tasks and solve problems. (5, 6) 

10. Research and evaluate the accuracy, relevance, appropriateness, comprehensiveness, and bias of electronic information sources concerning real-world problems. (2, 5, 6)



	11. COMMON THEMES

	3. THE NATURE OF TECHNOLOGY 
	
	

	A. Systems

Grades 3 through 5
By the end of the 5th grade, students should know that
· In something that consists of many parts, the parts usually influence one another. 

· Something may not work as well (or at all) if a part of it is missing, broken, worn out, mismatched, or misconnected.
Grades 6 through 8
By the end of the 8th grade, students should know that
· A system can include processes as well as things. 

· Thinking about things as systems means looking for how every part relates to others. The output from one part of a system (which can include material, energy, or information) can become the input to other parts. Such feedback can serve to control what goes on in the system as a whole. 

· Any system is usually connected to other systems, both internally and externally. Thus a system may be thought of as containing subsystems and as being a subsystem of a larger system.
B. Models

Grades 3 through 5 

By the end of the 5th grade, students should know that
· Seeing how a model works after changes are made to it may suggest how the real thing would work if the same were done to it. 

· Geometric figures, number sequences, graphs, diagrams, sketches, number lines, maps, and stories can be used to represent objects, events, and processes in the real world, although such representations can never be exact in every detail. 

Grades 6 through 8 

By the end of the 8th grade, students should know that
· Models are often used to think about processes that happen too slowly, too quickly, or on too small a scale to observe directly, or that are too vast to be changed deliberately, or that are potentially dangerous. 

· Mathematical models can be displayed on a computer and then modified to see what happens. 

· Different models can be used to represent the same thing. What kind of a model to use and how complex it should be depends on its purpose. The usefulness of a model may be limited if it is too simple or if it is needlessly complicated. Choosing a useful model is one of the instances in which intuition and creativity come into play in science, mathematics, and engineering.  

C. Constancy and Change

Grades 3 through 5 

By the end of the 5th grade, students should know that
· Some features of things may stay the same even when other features change. Some patterns look the same when they are shifted over, or turned, or reflected, or seen from different directions. 

· Things change in steady, repetitive, or irregular ways-or sometimes in more than one way at the same time. Often the best way to tell which kinds of change are happening is to make a table or graph of measurements. 

Grades 6 through 8 

By the end of the 8th grade, students should know that
· Physical and biological systems tend to change until they become stable and then remain that way unless their surroundings change. 

· A system may stay the same because nothing is happening or because things are happening but exactly counterbalance one another. 

· Many systems contain feedback mechanisms that serve to keep changes within specified limits. 

· Symbolic equations can be used to summarize how the quantity of something changes over time or in response to other changes. 

· Symmetry (or the lack of it) may determine properties of many objects, from molecules and crystals to organisms and designed structures. 

· Cycles, such as the seasons or body temperature, can be described by their cycle length or frequency, what their highest and lowest values are, and when these values occur. Different cycles range from many thousands of years down to less than a billionth of a second.
D. Scale

Grades 3 through 5 

By the end of the 5th grade, students should know that
· Almost anything has limits on how big or small it can be. 

· Finding out what the biggest and the smallest possible values of something are is often as revealing as knowing what the usual value is. 

Grades 6 through 8 

By the end of the 8th grade, students should know that
· As the complexity of any system increases, gaining an understanding of it depends increasingly on summaries, such as averages and ranges, and on descriptions of typical examples of that system.
	A. Technology and Science

Technology is an overworked term. It once meant knowing how to do things-the practical arts or the study of the practical arts. But it has also come to mean innovations such as pencils, television, aspirin, microscopes, etc., that people use for specific purposes, and it refers to human activities such as agriculture or manufacturing and even to processes such as animal breeding or voting or war that change certain aspects of the world. Further, technology sometimes refers to the industrial and military institutions dedicated to producing and using inventions and know-how. In any of these senses, technology has economic, social, ethical, and aesthetic ramifications that depend on where it is used and on people's attitudes toward its use.

Sorting out these issues is likely to occur over many years as students engage in design and technology activities. First, they must use different tools to do different things in science and to solve practical problems. Through design and technology projects, students can engage in problem-solving related to a wide range of real-world contexts. By undertaking design projects, students can encounter technology issues even though they cannot define technology. They should have their attention called to the use of tools and instruments in science and the use of practical knowledge to solve problems before the underlying concepts are understood.

Grades 3 through 5 

These years should build on the previous ones by increasing the sophistication of the design projects that students undertake. This approach entails students' increasing their repertoire of tools and techniques and improving their skills in measurement, calculation, and communication. Activities calling on the use of instruments such as microscopes, telescopes, cameras, and sound recorders to make observations and measurements are especially important for reinforcing the importance of the dependence of science on technology. Just as important, students should develop skill and confidence in using ordinary tools for personal, everyday purposes.

Students should begin now to write about technology, particularly about how technology helps people. Most of the complexities of the social consequences of the use of technology can wait, but students should begin to consider alternative ways of doing something and compare the advantages and disadvantages.

By the end of the 5th grade, students should know that
· Throughout all of history, people everywhere have invented and used tools. Most tools of today are different from those of the past but many are modifications of very ancient tools. 

· Technology enables scientists and others to observe things that are too small or too far away to be seen without them and to study the motion of objects that are moving very rapidly or are hardly moving at all 

· Measuring instruments can be used to gather accurate information for making scientific comparisons of objects and events and for designing and constructing things that will work properly. 

· Technology extends the ability of people to change the world: to cut, shape, or put together materials; to move things from one place to another; and to reach farther with their hands, voices, senses, and minds. The changes may be for survival needs such as food, shelter, and defense, for communication and transportation, or to gain knowledge and express ideas. 

Grades 6 through 8 

Students can now develop a broader view of technology and how it is both like and unlike science. They do not easily distinguish between science and technology, seeing both as trying to get things (including experiments) to happen the way one wants them to. There is no need to insist on definitions, but students' attention can be drawn to when they are clearly trying to find something out, clearly trying to make something happen, or doing some of each.

Furthermore, as students begin to think about their own possible occupations, they should be introduced to the range of careers that involve technology and science, including engineering, architecture, and industrial design. Through projects, readings, field trips, and interviews, students can begin to develop a sense of the great variety of occupations related to technology and to science, and what preparation they require.

By the end of the 8th grade, students should know that
· In earlier times, the accumulated information and techniques of each generation of workers were taught on the job directly to the next generation of workers. Today, the knowledge base for technology can be found as well in libraries of print and electronic resources and is often taught in the classroom. 

· Technology is essential to science for such purposes as access to outer space and other remote locations, sample collection and treatment, measurement, data collection and storage, computation, and communication of information. 

· Engineers, architects, and others who engage in design and technology use scientific knowledge to solve practical problems. But they usually have to take human values and limitations into account as well.

	B. Design and Systems

Engineering is the professional field most closely, or at least most deliberately, associated with technology. Engineers solve problems by applying scientific principles to practical ends. They design instruments, machines, structures, and systems to accomplish specified ends, and must do so while taking into account limitations imposed by time, money, law, morality, insufficient information, and more. In short, engineering has largely to do with the design of technological systems.

Perhaps the best way to become familiar with the nature of engineering and design is to do some. By participating in such activities, students should learn how to analyze situations and gather relevant information, define problems, generate and evaluate creative ideas, develop their ideas into tangible solutions, and assess and improve their solutions. To become good problem solvers, students need to develop drawing and modeling skills, along with the ability to record their analyses, suggestions, and results in clear language.

Gradually, as students participate in more sophisticated projects, they will encounter constraints and the need for making trade-offs. The concept of trade-off in technology-and more broadly in all social systems-is so important that teachers should put it into as many problem-solving contexts as possible. Students should be explicit in their own proposals about what is being traded off for what. They should learn to expect the same of others who propose technical, economic, or political solutions to problems.

Feedback should be another main concept learned in the study of technological systems. Students are likely to encounter it often in biology, physiology, politics, games, conversation, and even when operating tools and machines. Students should also learn that technologies always have side effects and that all technological systems can fail. These ideas can be introduced in simple form early and gradually become more prominent in the upper grades. Just as with trade-off and feedback, these new concepts should be encountered in a variety of contexts. Daily newspapers provide an inexhaustible supply of examples to analyze.

Grades 3 through 5 

Students should become increasingly comfortable with developing designs and analyzing the product: "Does it work?" "Could I make it work better?" "Could I have used better materials?" The more experience students accrue, the less direct guidance they need. They should realize early that cooperative efforts and individual initiative are valuable in spotting and ironing out design glitches. They should begin to enjoy challenges that require them to clarify a problem, generate criteria for an acceptable solution, suggest possible solutions, try one out, and then make adjustments or start over with a newly proposed solution.

As students undertake more extensive design projects, emphasis should be placed on the notion that there usually is not one best design for a product or process, but a variety of alternatives and possibilities. One way to accomplish this goal is to have several groups design and execute solutions to the same problem and then discuss the advantages and disadvantages of each solution. Ideally, the problems should be "real" and engaging for the students.

By the end of the 5th grade, students should know that
· There is no perfect design. Designs that are best in one respect (safety or ease of use, for example) may be inferior in other ways (cost or appearance). Usually some features must be sacrificed to get others. How such trade-offs are received depends upon which features are emphasized and which are down-played. 

· Even a good design may fail. Sometimes steps can be taken ahead of time to reduce the likelihood of failure, but it cannot be entirely eliminated. 

· The solution to one problem may create other problems. 

Grades 6 through 8 

An idea to be developed in the middle grades is that complex systems require control mechanisms. The common thermostat for controlling room temperature is known to most students and can serve as a model for all control mechanisms. But students should explore how controls work in various kinds of systems-machines, athletic contests, politics, the human body, learning, etc. At some point, students should try to invent control mechanisms, which need not be mechanical or electrical, that they can actually put into operation.

The concept of side effects can be raised at this time, perhaps by using actual case studies of technologies (antibiotics, automobiles, spray cans, etc.) that turned out to have unexpected side effects. Students should also meet more interesting and challenging constraints as they work on design projects. Also, students should become familiar with many actual examples of how overdesign and redundancy are used to deal with uncertainty.

By the end of the 8th grade, students should know that
· Design usually requires taking constraints into account. Some constraints, such as gravity or the properties of the materials to be used, are unavoidable. Other constraints, including economic, political, social, ethical, and aesthetic ones, limit choices. 

· All technologies have effects other than those intended by the design, some of which may have been predictable and some not. In either case, these side effects may turn out to be unacceptable to some of the population and therefore lead to conflict between groups. 

· Almost all control systems have inputs, outputs, and feedback. The essence of control is comparing information about what is happening to what people want to happen and then making appropriate adjustments. This procedure requires sensing information, processing it, and making changes. In almost all modern machines, microprocessors serve as centers of performance control. 

Systems fail because they have faulty or poorly matched parts, are used in ways that exceed what was intended by the design, or were poorly designed to begin with. The most common ways to prevent failure are pretesting parts and procedures, overdesign, and redundancy.


	6. Technology problem-solving and decision-making tools 

Students use technology resources for solving problems and making informed decisions. 

Students employ technology in the development of strategies for solving problems in the real world.
GRADES 3-5 

8. Use technology resources (e.g., calculators, data collection probes, videos, educational software) for problem solving, self-directed learning, and extended learning activities. (5, 6)

9. Determine which technology is useful and select the appropriate tool(s) and technology resources to address a variety of tasks and problems. (5, 6)

10. Evaluate the accuracy, relevance, appropriateness, comprehensiveness, and bias of electronic information sources. (6)

GRADES 6-8 

5. Apply productivity/multimedia tools and peripherals to support personal productivity, group collaboration, and learning throughout the curriculum. (3, 6)

6. Design, develop, publish, and present products (e.g., Web pages, videotapes) using technology resources that demonstrate and communicate curriculum concepts to audiences inside and outside the classroom. (4, 5, 6)

8. Select and use appropriate tools and technology resources to accomplish a variety of tasks and solve problems. (5, 6)

9. Demonstrate an understanding of concepts underlying hardware, software, and connectivity, and of practical applications to learning and problem solving. (1, 6) 

10. Research and evaluate the accuracy, relevance, appropriateness, comprehensiveness, and bias of electronic information sources concerning real-world problems. (2, 5, 6)


