INTRODUCTION
IN A WORLD driven by technology, it is imperative that all citizens develop some degree of technological capability. Whether or not you plan to enter a scientific or technical career, having a technological knowledge base will help demystify the human-made world in which you live. In addition, it will help you better adapt the natural environment to your needs.
To be a fully integrated member of our highly technological society, you should understand how technological products, systems, and environments are designed; be able to properly use and maintain technical products and systems; have the ability to assess technological benefits and risks; and be able to effectively manage technological endeavors. This chapter will discuss the abilities you need in order to be a savvy consumer, a good citizen, an efficient and creative worker, and an efficient manager in our highly technological society.
CHAPTER 3
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[[Insert Figure 3.1 here]]

SECTION 1: Applying the Design Process

[[Start Key Ideas here]]

KEY IDEAS >
· Once a design problem has been identified, it must be analyzed to determine if potential benefits justify investing time and other resources in trying to search for solutions.
· Design specifications and constraints will affect the design concept, its implementation, its marketability, and its commercial profitability.
· Designers and engineers refine a design by using prototyping and modeling to ensure quality, efficiency, and productivity of the final product.

· Modeling possible design solutions allow the designer to try out “What if?” scenarios before actually implementing and producing the design.

· The design solution that you choose should be evaluated, and then the final design should be communicated to interested people using techniques such as 3-D modeling, and verbal, graphic, quantitative, virtual, and written means.

· Design solutions are evaluated at various intervals during the design process using a variety of models, including conceptual, physical, and mathematical models, in order to check for proper design functioning and to note areas where improvements are needed. Quality control is a planned process that ensures that a product, service, or system meets established criteria.
· Quality control measures ensure that products and systems meet customer requirements and industry standards.

· Research and development is a specific problem-solving approach that is used intensively in business and industry to prepare devices and systems for the marketplace.

[[End Key Ideas here]]

Design is an iterative process. When products or systems are designed for commercial use, they must be reliable, cost effective, and marketable. Developing such a robust design often requires numerous cycles (or iterations) of clarifying design specifications (sometimes referred to as design criteria) and constraints (limitations). Design also involves research, generating alternatives, modeling, testing, and redesign.
Complex design problems require a great number of iterations. Think about the complexities involved in designing a spacecraft. Lockheed Martin Corporation is designing the nation’s next spacecraft for the National Aeronautics and Space Administration (NASA). Named Orion, after one of the brightest and most recognizable constellations, it will replace the space shuttle and be used to service the International Space Station and carry astronauts to the Moon and beyond.
According to NASA, industry teams spent 13 months refining concepts, analyzing requirements, and sketching designs for Orion. The new capsule’s updated computers, electronics, life support, propulsion, and heat protection systems represent a marked improvement over older systems. Unlike the space shuttle, Orion will be positioned on top of its booster rocket to protect it from ice, foam, and other launch-system debris during ascent. An abort system will be responsible for separating the capsule and crew from the booster in an emergency. NASA recently completed a series of tests that will aid in the design and development of a parachute recovery system for the Orion crew capsule. And these are only some of the many features that will ultimately be incorporated into this exceedingly complex spacecraft.

Measuring 16.5 feet in diameter, Orion (shown in Figure 3.2) will have more than 2.5 times the interior volume of the three-seat Apollo capsules that carried astronaut crews in the late 1960s and early 1970s. Those early missions lasted only several hours to several days. By contrast, Orion missions might last several weeks.

You can imagine how many design challenges the engineers at the Lockheed Martin Corporation continue to face in building this new spacecraft, and how many design iterations will ultimately be required.
[[Insert Figure 3.2 here]]

Applying the Design Process to Roller Skates

Just as a complex design problem such as the Orion spacecraft requires a great number of iterations, less complicated designs also benefit from multiple iterations. An interesting example of how the design process is applied can be seen in the development of a new kind of roller skate—LandRollers.
Skaters call rough ground “gatorback” since it is as rough as an alligator’s back. If you are skating and come across gatorback, what do you do? One thing you could do is take off your skates and walk, but that’s not much fun. Rough ground is much easier to skate over if you use skates designed for the purpose.

How would you design roller skates that would roll effectively over rough terrain? How might these roller skates be different from conventional in-line skates? This was exactly the problem facing inventors Bert Lovitt and Warren Winslow.
Winslow was an avid skater and skier. He wanted a wheeled ski that would allow his dogs to pull him around his Illinois farm. He decided to take a pair of skis, shorten them, and add large wheels at the ends of each ski. The result was similar to a scooter, but with one “ski” for each foot.

Once a design problem has been identified it must be analyzed to determine if potential benefits justify investing the time and other resources needed to search for solutions. Lovitt and Winslow had identified the design problem, and they believed that their innovation could be a winner in the marketplace.

Lovitt, from California, disliked the “scooter for each foot” idea. He advocated a more elegant design, one that could ultimately be patented. Thus began the process of iterative design. Lovitt suggested that they take a pair of large wheels, with the hubs removed, and add a ski boot on rollers inside the rim of each wheel, as shown in Figure 3.4.
The problem with this design is that the skater couldn’t insert his or her foot into the boot without hitting the metal rim. This required a radical innovation: attaching the metal wheel rims at an angle, as shown in Figure 3.5.
Lovitt and Winslow built a prototype. The first prototype worked; the boots rolled freely inside the large wheels. But skating using the prototype was difficult. The skates were extremely unstable. To make the skates easier for the average person to manage, Lovitt and Winslow decided to add a small wheel in the back of each skate for balance (see Figure 3.6).
This was a definite improvement. However, it turned out that the small wheels added for balance absorbed most of the skater’s weight but didn’t allow great maneuverability. To improve weight distribution and therefore make the skates even more stable and maneuverable, Lovitt and Winslow redesigned the skate yet again, this time moving the small balance wheels from the back to the front, as shown in Figure 3.7.
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[[Insert Figure 3.8 here]]

After a few more models, they decided to replace the rear hub-less wheels with spoked wheels from a children’s bicycle. Then a friend convinced Lovitt and Winslow that the skates were too large and heavy to be practical. They decided to make the wheels smaller and shorten the wheelbase. They built a new pair with two 8-inch air-filled tires on each skate.
Now they were getting somewhere. They had a skate that could manage easily over bumpy roads, grassy slopes, and pavement that was cracked or smooth. The skates were still too heavy and unwieldy, though. The large front wheel made it hard for the skater to move freely.
An unexpected breakthrough occurred one day when Winslow happened to come across a snowmobile. The snowmobile treads, which wrapped around several sets of suspension wheels, gave him an idea. The wheels varied in size, with some seven inches in diameter and others just over five inches in diameter. The team tried out a few sets of snowmobile wheels on their skates. They created a new pair of frames and angled the new wheels as in the earlier iterations. It worked! The improved wheel configuration looked great and coasted along over rough and smooth terrain with ease. The many iterations of the design allowed the team to solve a variety of problems and produce a new and exciting product. To learn more about the LandRoller story and to see the final product, visit the company’s Web site at www.landroller.com.
[[Insert Figure 3-9 here]]
Designing for Commercial Success

The design process is affected by the economic system in which the product is being developed. Capitalism (the dominant economic system in the United States, Canada, Mexico, and most European countries) is an economic system in which the means of production are mostly privately owned, and capital is invested in the production, distribution, and other trade of goods and services, for profit. In capitalist societies, most designers and engineers work for companies that thrive on marketplace success. For this reason, once a design problem has been identified, it must be analyzed to determine whether potential benefits justify investing time and other resources in searching for solutions.
Certainly, many design professionals engaged in design also orient their work to benefit the common good, but most design activity is focused on bringing ideas to fruition that will be financially profitable. Normally, if a design idea won’t make money, it will be rejected. In order to bring ideas to market, research and development (R & D) is done to increase the knowledge base that can be applied to product development. Research and development is a specific problem-solving approach that is used intensively in business and industry to prepare devices and systems for the marketplace.
Design Specifications and Constraints

Design specifications are the specific goals, or performance requirements, that a project must achieve in order to be successful. Consider a design for an office building: A large corporation wishes to establish a national headquarters in a large city. One of the design specifications that the building must meet is to be able to provide sufficient office space for 1,000 employees. (Figure 3.10)

[[Insert Figure 3.10 here]]

In art and in architecture, there is an axiom that states that “form follows function.” If form indeed follows function, we can see how design specifications affect the design concept itself. For example, a building’s shape will reflect its intended purpose. If a design criterion states that a building is to house a thousand offices in a city where land costs are very high, then the form (a skyscraper, for example) is dictated by the functional requirements.
The design specifications and constraints affect the design concept’s implementation, marketability, and commercial profitability. In the example of LandRoller skates, design specifications included:

· The skates must be useable over rough terrain.

· They must be lightweight and comfortable.

· They must be durable.

· They must be attractive and marketable to young people of both genders.

· They must be easy to learn to use.

Design constraints are the limitations that are imposed on the designer and the design. Constraints ensure that the design meets its performance requirements. These constraints often limit resources and define parameters such as size, shape, cost, and production time. If you were developing some skates of your own, you might have to work within these design constraints:

· Development costs must be limited to $75,000.

· Patent costs must be limited to $9,000.

· Marketing costs must be limited to $50,000.

· Materials costs must be limited to $30 per pair.

· Construction materials must be readily available.

· The coefficient of rolling friction for a skate wheel on an asphalt surface must be below 0.015.

· The upper portion of the skates must be made of recyclable materials.

In today’s society, designers and engineers must concern themselves with constraints that are related to societal and quality-of-life issues. These realistic constraints include economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability limitations. Such constraints require designers and engineers to make trade-offs that mean giving up some benefits to reach an overall, acceptable solution.
[[Insert Figure 3.11 here]]

Realistic Constraints

( Designers and engineers must carefully consider a variety of realistic constraints when designing products and systems. Realistic constraints that help ensure that a product satisfies modern societal and environmental demands include the following:

Economic:
· Consider the prices of related or similar products on the market when setting a price and predicting profits.

· Consider the potential impact to the local and U.S. economy.

· Keep maintenance costs low enough to allow for a profit.

Environmental:
· Limit vibration-induced noise to workers, product users, and the public such as large power transformers, road lamps.
· Limit air pollution (by using electric or hybrid engines) and water pollution, such as toxic waste into a river (see Figure 3.11).

· Limit use of non-biodegradable bags and computer cases made from plastic to protect the landscape.

· Control temperature of exhaust gasses to limit global warming.

· Establish procedures for manufacturing waste collection and processing.

· Use energy-saving devices.

Social:

· Avoid designs that favor only certain people or groups.

· Consider how the design will balance worker and union demands versus employer needs.

· Follow current government codes to protect society.

Political:

· Avoid producing and marketing products (e.g., computer games, messages on clothes) that promote racial or gender stereotypes.

· Avoid producing products for customers who might use them to negatively affect domestic security in the nation where the products are produced.
Ethical:

· Avoid producing products that can hurt people, either physically or psychologically.
· Pay the necessary fees, in order to make use of products, designs, or concepts that are protected by patents.

· Be wary of products that use materials that look better than those of their competitors, but that are toxic.
· Avoid skimping on the design process (that is, avoid under-designing), in order to create cheap but potentially dangerous products.
· Weigh the ethical concerns involved in designing products that facilitate the secret surveillance of someone’s private life.
Health and Safety:

· Consider the safety of workers, consumers, and the general public

· Be aware that noisy products can cause hearing loss.

· Avoid using materials and environments that are hazardous for workers.
· Consider the impact of products that require the use of radioactive materials.

· Require special safety requirements for products for infants and children.
· Design control systems with acceptable stability margins for machinery where safety is of concern.
· Consider actual environmental factors (extreme working temperature, corrosive fluid, abrasive air, severe radiation in space, etc.).

Sustainability:

· Determine what conditions would threaten the survival of the business.

· Ensure that the product has a well-defined life span under the assumed normal operation conditions.

· Ensure that all parts have a similar designed life span.

· Ensure the reliability and durability of the product’s supposed function.
Legal:

· Be aware of legal issues concerning products protected by patents.

· Follow all city, state, and federal codes related to your product.

· Ensure that products that are designed to secretly collect information are legal.

· Check to make sure that federal, state, and local laws do not limit the use of your product. For example, if you were designing a radar-detection device for cars, you would find that your product was illegal in some states.

Codes and Standards

Codes and standards have been developed by government agencies and industries to ensure that products, structures, and environments meet safety and operational requirements. Thousands of standards have been set for things as diverse as water quality, head and face protection for use in ice hockey, clothing for protection against heat and flame, machine safety, vehicle emissions, food labeling, electronic equipment, aircraft, personal care items, and children’s booster seats. Designing to meet these standards may require that additional trade-offs be made. For example, to meet safety standards, automobiles must include seat belts, airbags, and front and rear bumpers that add to the vehicle’s equipment and weight, thereby increasing its cost and reducing its fuel economy.

Prototypes and Modeling

A prototype is a model of a new product or system. Sometimes the prototype is a working model, sometimes it is a scale model. Because there are often uncertainties about how a completed design will perform, prototypes are built to demonstrate how the design functions before a product is produced in large quantities, or before a costly system is implemented. Prototyping is a step along the way to developing an optimal design. Modeling possible design solutions allows the designer to try out “What if?” scenarios before actually implementing and producing the design. Designers and engineers refine a design by using prototyping and modeling to ensure the quality, efficiency, and productivity of the final product.
Prototypes are produced during the design of most technological systems, including software programs, electronic circuits and components, household and personal care products, architectural layouts, and automobiles.
[[Insert Figure 3.12 here]]
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Sometimes, manufacturers need to do rapid prototyping in order to develop a model of an intended product quickly. Often, the model might not be fully functional but would provide a good example of shape and size.
One of the technologies used to do rapid prototyping is stereolithography. This is a process that builds a three-dimensional model from a 3-D graphic stored in a computer. The process makes use of a special liquid plastic, or resin, that hardens when exposed to an ultraviolet laser beam. In a stereolithography machine, shown in Figure 3.13 and Figure 3.14, a laser draws the outline of a model on a pool of resin. The outline solidifies, and the model is lowered by several thousandths of an inch into a vat of liquid plastic. The laser then solidifies the next microscopically thin layer on top of the preceding one. In this way, a model is formed, layer by layer.
Three-dimensional models of some complexity (such as the one shown in Figure 3.15) can be formed by this process in a matter of hours. The machinery can be expensive for a small manufacturer. Instead of purchasing their own machines, companies can send their designs over the Internet to a stereolithography company, which will ship back a model within a day or two. The objects generated from the resins do not have the physical, mechanical, or thermal properties typically required of end products. They are useful, however, in displaying how a prototype would look (see Figure 3.15 for an example).

[[Insert Figure 3.14 here]]

Communicating and Evaluating Design Solutions

The design solution that you choose should be evaluated, and then the final design should be communicated to interested people using techniques such as 3-D modeling and verbal, graphic, quantitative, virtual, and written means. How would you best communicate a proposed design solution to a group of interested people? You might describe your idea orally or in writing; another way is to draw a picture or a sketch (is it true that a picture is worth a thousand words?). Depending upon the complexity of the design and the intended audience, one method might prove more effective than another.
[[Insert Figure 3.15 here]]

Suppose you wish to design a personal Web page and have decided what information you want to present. Before you begin to lay out your page, you most likely will want to get ideas by visiting other Web pages that present similar information. Once you have a pretty good idea of what your Web page should contain, you would create a storyboard (a sequence of illustrations) that would represent the flow of ideas that you want to present. In this case, you have chosen to communicate your design ideas graphically (see Figure 3.16).

[[Insert Figure 3.16 here]]

Computer-Aided Design

Very accurate and reliable product designs can be developed and communicated using computer-aided design (CAD) software. These programs are used to design products, systems, and structures. CAD software is used by product designers to establish part geometry (the dimensions, shapes, and tolerances of parts). The software often includes mathematical algorithms that allow the designer to analyze the strength or operating characteristics of components. CAD drawings can be very sophisticated and complex. They can communicate the details of a design quite clearly.
A CAD system includes a computer, keyboard, monitor, and a printer or plotter. The CAD system can convert the graphic designs to digital data that can be output to rapid prototyping devices like the stereolithography machines described earlier in this chapter. The resulting three-dimensional model (such as the one shown in Figures 3.17 through 3.20) gives potential customers a very clear idea of what the final product will look like.
[[Insert Figure 3.17 here]]
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A CAD system can also output its data to computer numerical controlled (CNC) industrial machines that convert the data to a set of instructions that control manufacturing tools. In this way, designs are communicated not only to people, but directly to machines. Such a system, which is called a CAD-CAM system (computer-aided design, computer-aided manufacturing) can produce actual finished products in addition to prototypes.

[[Insert Figure 3.20 here]]

Evaluating a Design

( Design solutions are evaluated at various intervals during the design process using a variety of models, including conceptual, physical, and mathematical models, in order to check for proper design functioning and to note areas where improvements are needed. In addition to studying various models, designers and engineers discuss their ideas with technical and production staff and with potential customers to refine their thinking and to ensure that designs can actually be produced to specifications. Very often, quantitative data is also used to describe the design so that its capabilities are clearly communicated. For example, a bridge design includes a vast amount of mathematical data that describes how the various components will stand up under different loads.
Ensuring Quality

Quality control is a planned process that ensures that a product, service, or system meets established criteria. Quality-control measures ensure that products, systems, and services conform to design specifications and tolerances and that they meet customer requirements and industry standards.
The maintenance of quality is therefore a critical area of concern, not only for producers of goods and services, but for national governments. A nation’s strength and the well-being of its citizens are determined to a large degree by its economic competitiveness. Manufacturing is the area in which international economic competition is most intense. It plays the dominant role in world trade. Since great international competition exists, products and systems with the best design and highest quality will be in greatest demand.
Quality standards and quality control procedures are not confined to the manufacturing sector. Such standards are well established in many industries, including administrative services, banking, consulting, insurance, information and communications systems, computer software design, retailing, and transportation.
Quality is ensured in several ways. A system or product is only as good as its design. Quality levels are set by producers who can establish high or low quality standards. Setting and meeting high standards (doing it right the first time) will go a long way toward ensuring quality.

Employees at various levels also influence quality. Senior management defines quality standards and develops goals, budgets, and strategic plans. Engineers design process control systems. Machine operators monitor and control the machinery. In modern manufacturing plants, machine operations are automated. The machines include monitoring and control systems so that they can automatically correct problems when products or systems fall outside of established quality parameters.
In manufacturing, quality is maintained by carefully controlling the processes of production. Monitoring the raw materials, assemblies, products and components; services related to production; and management, production, and inspection processes are all part of quality control.
The goal of quality control should be to identify steps in the processes that have the most impact on outcomes. By establishing effective control systems at the early stages of production, companies eliminate the rework, scrap, re-inspection, and delays that occur when controls are added too late in the process.

Statistical Process Control Statistical process control (SPC) is used to assure that quality is maintained at a high level and reduces the likelihood of unexpected failure. Statistical process control in manufacturing operations involves random sampling and testing of a fraction of the output. Variances from critical tolerances are tracked, and processes are corrected before bad parts are inadvertently produced.

[[Insert Figure 3.21 here]]

Total Quality Management Total Quality Management (TQM) is an approach toward establishing quality in an organization based on the cooperation of all workers at all levels. The goal is to ensure customer satisfaction. The method was developed by an American statistician, Dr. William Edwards Deming, while working in Japan in the 1950s. Deming’s work helped Japan establish an admirable reputation for manufacturing high-quality, innovative products. One of the core principles of Japanese TQM is called Kaizen (see Figure 3.22). In Japanese, Kaizen means improvement and focuses on continuous improvement of technological processes to make these processes visible, repeatable, and measurable.

[[Insert Figure 3.22 here]]

[[Start SECTION ONE FEEDBACK > here]]

SECTION ONE FEEDBACK >

1.
Explain why LandRoller skates took over eight years to bring to market and the new, hugely complex Orion spacecraft took 13 months of development.

2.
Using LandRoller skates as an example, explain how the design specifications and constraints affected the design concept’s implementation, marketability, and commercial profitability.

3.
Auto sales data show that while Japan’s Big-3 (Toyota, Honda, and Nissan) continue to experience strong U.S. sales, the U.S. Big-3 (DaimlerChrysler, General Motors, and Ford) saw their combined market share fall from 70% to 57% in the last five years. What, in your view, is the reason for this decline? Do research to back up your position.
[[End SECTION ONE FEEDBACK > here]]

Section 2: Using and Maintaining Technological Products and Systems

[[Start Key Ideas > Box here]]

KEY IDEAS >
· A variety of techniques including flow charts, symbols, spreadsheets, graphs, and time lines can be used to document processes and procedures and communicate them to different audiences.

· Engineers and technicians rely on technical knowledge and computer-based and electronic tools to maintain technological systems.
· Monitoring the operation of a system and making adjustments as needed help ensure precision and safe and proper functioning.

· Systems should be operated so that they function in the way they were designed.

· Computers and calculators are used to access, retrieve, organize, process, maintain, interpret, and evaluate data and information in order to communicate.

· Complex systems have many layers of controls and feedback loops to provide information.

[[End Key Ideas > Box here]]

We are surrounded by examples of systems. Some are natural systems, like living organisms. Some are technological systems. Examples range from iPods to automated machines, to highway systems and nationwide telephone systems. A system is the means by which we achieve a desired result. All technological systems have certain common elements. These include inputs, processes, and outputs. Natural systems (like living organisms) take in nutrients, process them, and produce outputs like waste products and carbon dioxide.
Technological systems combine resources like materials and energy to produce outputs. Both natural systems and technological systems can be controlled by feedback that keeps the system operating as intended. An example of feedback in a natural system is how we humans perspire when we get too hot; the perspiration then evaporates, cooling us back down. Technological systems are not only controlled by feedback, but also by on-off or proportional control systems (discussed later in this chapter).
Properly using and maintaining technological products and systems ensures that they function as intended and that they have the longest possible life cycle. Products and systems can be extremely simple (such as a toy race car with only a few moving parts), or can be exceedingly complex (like an automobile or airplane), where many interrelated components work together.
Most systems are made up of subsystems: For example, the nation’s transportation system is made up of subsystems that include not only the vehicular systems and highways systems, but also the support subsystems, such as communication, lighting, and power. Even small systems like the child’s race car are made up of subsystems. In the race car, the wheels and axles comprise one subsystem; the body comprises another; the propulsion system (perhaps a CO2 cartridge) comprises yet another. When we maintain systems or troubleshoot system problems, it is often helpful to first identify how the subsystems interrelate, what their functions are, and then determine within which subsystem the problem resides.
Documenting and Communicating Ideas

Computers and calculators are used to access, retrieve, organize, process, maintain, interpret, and evaluate data and information in order to communicate. A variety of techniques including flowcharts, symbols, spreadsheets, graphs, and time lines are used to document system processes and procedures and communicate them to different audiences. You can use these tools to assure that technological systems function correctly.
[[Insert Figure 3.23 here]]

Flowcharts are diagrams that depict the major steps in a process (see Figure 3.23). They are used to show how one step leads to another. Computer-program flowcharts show the sequence of instructions in a computer program. In manufacturing, flowcharts show the sequence of steps in product design or production.
[[Insert Figure 3.24 here]]

Gantt and PERT Charts Gantt charts and PERT charts are popular management tools that give project managers graphical illustrations of progress toward meeting deadlines and goals. A Gantt chart focuses on the sequence of tasks and shows them along a horizontal axis on an x-y chart. The length of the bar corresponds to the length of the task. Among other things, you can use a Gantt chart to store information about tasks, such as the names of the individuals assigned to them. You can create a Gantt chart on graph paper. However, most people create Gantt charts, like the one shown in Figure 3.24, using project management computer software. The first Gantt chart was developed by in 1917 by an American engineer named Henry Gantt.

A PERT chart is a tool used to schedule, organize, and coordinate project-related tasks. (PERT is short for “Program Evaluation Review Technique.”) This type of chart shows how one task flows into another. It is an effective way of portraying task dependency. PERT charts allow managers to see whether a task is falling behind schedule and to determine how that delay might affect the entire project. PERT charts were developed by the U.S. Navy to manage the Polaris submarine missile program in the 1950s (see Figure 3.25 for an example of a PERT chart).

Symbols Symbols are shortcuts that can be used to graphically represent processes (such as those on a flowchart), features (such as symbols on a map that represent campgrounds or county borders), components (such as those in electrical schematic drawings), company names (such as the symbols used to represent stocks), and mathematical ideas (such as greater than [>], less than [<], equal to [=], etc.). Many symbols, such as those used in schematic diagrams, road signs, and maps, can be understood universally (see Figures 3.26 through 3.29 for examples of symbols and their uses).

[[Insert Figure 3.25 here]]
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[[Insert Figure 3.27 here]]

Spreadsheets

Spreadsheets are software programs that computerize record keeping and budgeting. A spreadsheet is a grid of boxes (known as cells) that identify columns by letters and rows by numbers, so a cell can be designated by a letter and a number. Figure 3.30 shows some data stored in one of the most commonly used spreadsheet programs, Microsoft Excel.

You can place a separate numerical value in each cell and then manipulate the values mathematically using formulas. Because the spreadsheet recalculates the results of the formulas each time you change a value, you can use a spreadsheet to answer “What if?” questions. For example, in Figure 3.31, the data in column B shows the minimum-wage salaries for workers in several states. Column C shows the salaries for each state if the minimum wage were raised by 10%. Column D represents the minimum wage for each state if the minimum-wage rate were raised by 12%. In other words, the spreadsheet answers the following “What if?” questions:
[[Insert Figure 3.28 here]]

· What if the minimum wage were raised by 10%?
· What if the minimum wage were raised by 12%?

[[Insert Figure 3.29 here]]

[[Insert Figure 3.30 here]]

[[Insert Figure 3.31 here]]

[[Start ENGINEERING QUICK TAKE here]]

ENGINEERING QUICK TAKE
Using Spreadsheets

Spreadsheets use mathematical formulas to do their calculations. What makes spreadsheets so useful is that the formulas do not simply manipulate specific numbers. For example, they do not simply add .345 and 45.2. Instead, you can use spreadsheet formulas that manipulate the contents of the various cells. For example, you could create a formula that adds the contents of cell B2 to the contents of cell C2. Then, if you change the values in these cells, the spreadsheet program automatically recalculates the formulas to reflect the new values. In the example shown in Figure 3.31, the increased minimum wage in cell C2 is calculated using a formula that multiplies the contents of cell B2 (which contains the current minimum wage for Colorado) times 1.10. (This is correct because, if the minimum wage in Colorado were to rise 10%, it would be 1.10 times the present wage.) Cell D2 would contain a similar formula to calculate the Colorado minimum wage after a 12% increase.
Now suppose that you discover that you were misinformed about the current minimum wage in Colorado, and that you had entered the wrong value in cell B2. You can fix this mistake by entering the correct value in cell B2. The spreadsheet then automatically recalculates the values for the minimum wage increased by 10% and 12%. As you can see, spreadsheets allow us to perform repetitive calculations very efficiently.
Consider the following problem that a rancher must face in raising cattle. The rancher needs to know the best combination of grain and hay to produce satisfactory weight gain in a steer. The spreadsheet in Figure 3.32 shows combinations of grain and hay that could be used as feed to produce satisfactory weight gain in a steer.

The spreadsheet in Figure 3.32 shows costs of $0.06 / pound for hay and $0.15 / pound for grain. The equation to create the total cost for hay is created by entering in cell D3 the instruction =B3*0.06. The equal sign tells the Excel program that what follows is an equation that multiples the value in cell B3 by 0.06. Similarly, the equation in cell E3 is =C3*0.15 and the equation for the total cost in cell F3 is = D3+E3.
[[Insert Figure 3.32 here]]

The total cost may be plotted using the Excel line graph function, which indicates the least cost is for combination five. When there are many combinations to view, it is often easier to visualize the results in graphic form.
What happens if the price of grain increases? Will there be a new optimum point? A quick change of the data provides the answer. In this case, the table with grain at 0.18 $/pound is created. Visual inspection shows that the least cost occurs at combination seven. The graph, shown in Figure 3.33, indicates the same.

[[Insert Figure 3.33 here]]

[[End ENGINEERING QUICK TAKE here]]

Graphs

A graph is a pictorial representation of a relationship between variables. The graph allows us to interpret information more easily than reading about it or seeing a table of data. Graphs are often used to show trends and to compare sets of data (see Figures 3.34 through 3.36 for examples of different graphs).

A line graph is drawn by connecting points, representing data, with a line. A bar graph uses columns whose heights represent values of the data being displayed. A pie chart is used to compare categories within the data set to the whole.
[[Insert Figure 3.34 here]]

[[Insert Figure 3.35 here]]

Time Lines

A time line is a historical list of events that lead up to a particular result. Often time lines display technological events or inventions. Time lines are also used as a project-planning tool to keep progress on track. For example, the time line shown in Figure 3.37 shows technological developments from 1752 to 1863.

Flowcharts, symbols, spreadsheets, graphs, and time lines can be used to document processes and procedures and communicate them to different audiences.

Maintaining and Controlling Technological Systems

Engineers and technicians rely on technical knowledge and computer-based and electronic tools to maintain technological systems. The tools can be used to control technical processes, to monitor the operation of systems, to troubleshoot, and to perform repairs. Electronic tools, such as meters and oscilloscopes, can monitor and display voltage and current levels. Electrical current sensors measure AC and DC current levels; electronic sensors (such as photocells and microphones) detect a change in the environment and produce an electrical signal in response. Mechanical sensors can monitor temperature, pressure, sound and light levels, flow of liquids and gasses, chemicals (like oxygen sensors), radiation, and motion. Sensors are transducers that detect a change in one type of energy and convert that change into another form of energy, usually electrical current or mechanical motion.
[[Insert Figure 3.36 here]]

[[Insert Figure 3.37 here]]

System Control

Controlling technological systems is largely a matter of using feedback from sensors to activate a control system. Feedback is a sample of a system’s output that is detected by a sensor. Feedback serves as a measure of whether the system is operating within desired parameters. Systems that rely on feedback are called closed-loop systems. They are able to adjust their output if external conditions change.
In a home heating control system, the feedback comes from a measurement of the actual temperature. If the room temperature is too high, a controller (a thermostat) turns off the furnace. If the room temperature is too low, the thermostat turns the furnace on. Another example of feedback control is in a modern flush toilet. After flushing, the water level in the toilet tank decreases. A float falls with the decreasing level, and as it falls it causes a valve to open, allowing water to flow back into the tank. As the tank fills, and the water level rises, the float rises as well and closes the valve to maintain the proper water level (see Figure 3.38).

[[Insert Figure 3.38 here]]

[[Insert Figure 3.39 here]]

On-Off Control

The simplest type of on-off control is a switch that enables a person to make or break an electrical circuit by hand. A thermostat is another example of an on-off control. When the temperature in the home drops too low, the furnace comes on. When it gets too hot, the furnace turns off. This on-or-off control is called “bang-bang” control. When it gets too cold, bang, the furnace turns on. As soon as the temperature rises above the set point, bang, the furnace turns off (see Figure 3.39).
On-off controls have drawbacks. If a thermostat waits until it senses the desired temperature before it turns off the furnace, there could be some residual heating and the temperature may overshoot the desired room temperature a bit. Normally, in the typical residential building, this is not a huge problem. However, in a system designed to control an elevator, an overshoot would be troublesome indeed.
[[Insert Figure 3.40 here]]

On-off control can be used to set a sequence of events in motion. For example, the on-off controller in a washing machine operates the wash, rinse, and spin cycles. Timers are another example of on-off controllers. These often have a number of programmable set times that can be used, for example, to turn outside lights on or off at different times of the day or night.
Proportional Control

Another type of controller adjusts the system incrementally. This controller is called a proportional controller. Suppose that instead of just switching the furnace on and off, we used the temperature reading to adjust the gas valve on the furnace. If it gets very cold in the room, the gas valve opens more and the furnace produces more heat. If it gets warmer, the gas valve closes a bit; if it gets very hot, the valve closes even further. The controller allows an amount of gas to flow into the furnace that is proportional to the temperature of the room. Using this method, the control system ensures that the adjustment is proportional to the difference between the desired result and the actual result.
[[Insert Figure 3.41 here]]

Regardless of whether a system uses an on-off or a proportional controller, designing the system so that its operation is monitored and adjusted as needed helps ensure precision and safe and proper functioning. Complex systems have many layers of controls and feedback loops to provide information.

System Limits

Systems should be operated so that they function in the way that they were designed (see Table 3.1). Every system has intrinsic performance limits that are a function of the system design. Exceeding these limits has the potential to reduce performance, create safety hazards, and damage the environment. For example, the physical design of a computer and the network to which it is connected impose limits on the amount of data the computer can process. Only by redesigning the computer system (adding memory, using a faster processor, using a network with a higher bandwidth) can these limits be changed. An example that you may be familiar with is that a computer can open only a certain number of programs without slowing down; exceeding the limit can severely reduce the computer’s performance.

[[Start Table 3.1 here]]

Table 3.1 | The Limits of a Variety of Systems

	SYSTEM
	SYSTEM LIMITS
	DANGER OF EXCEEDING SYSTEM LIMITS

	Infant Safety Seat 
	For children weighing up to 22 lbs (10 kg) and up to 29 in. (74 cm) tall.
	Infants outgrow this seat when they are heavier than the seat’s weight maximum or when their heads are within one inch of the top of the safety seat.

	Children’s Toys
	Noise level should not exceed 85 decibels when held close to the ear.
	A mechanical toy machine gun and a cap gun were tested and all were found to have noise levels that exceed recommended limits, making them very dangerous toys. These guns have the potential to cause serious damage to hearing and could cause instant hearing loss.

	Highways
	Speed limits are set for highways and secondary road systems.
	The speed limit is the absolute maximum and does not mean it is safe to drive at that speed irrespective of conditions. Driving at speeds too fast for the road and traffic conditions can be dangerous. Since emissions of nitrous oxide increase as vehicle speeds increase above about 48 mph, speed-limit changes may have important environmental consequences.

	Cell Phone
	Specific absorption rate (SAR) is a measure of the rate of radio energy absorption in body tissue, and the SAR limit recommended by the International Commission of Non-Ionizing Radiation Protection is 2 watts /kg.
	Most phones emit radio signals at SAR levels of between 0.5 and 1 w/kg. However, radio waves from mobile phones harm body cells and damage DNA in laboratory conditions, according to a study funded by the European Union.


[[End Table 3.1 here]]
Table 3.1 lists the limits for a number of systems and explains the dangers of exceeding those limits.
[[Insert Figure 3.42 here]]

[[Insert Figure 3.43 here]]

Computer Control

Many systems are controlled by computers. When small computers are built in to the devices they control, they are called embedded computers. Embedded computers are typically very small computers, known as microprocessors. They are used to control a wide range of systems, including cell phones, industrial robots, MP3 players, gasoline pumps, airplanes, digital cameras, appliances, and toys (see Figure 3.42).
Analog and Digital Controllers

Controllers can be analog or digital control devices. Analog controllers such as variable resistors (rheostats or potentiometers) control continuously varying quantities like voltage and current. Digital controllers are based on the principle that digital signals have only a finite set of states (on or off) and thus, error correction is easier. They work using only two voltage levels: low or high, with low being near zero volts and high being dependent on the supply voltage that is used. The high and low voltage levels used in monitoring signals comprise a logic system that tells a device when to start and when to stop. Digital controllers are normally more accurate and reliable than analog control devices (see Figure 3.43).

A great advantage of using digital controllers is that they are programmable and that changes can be made through software. There is no need to change a hardware device.
[[Start SECTION TWO FEEDBACK > here]]

SECTION TWO FEEDBACK >
1.
What might be the best graphic project planning tool for monitoring progress on a project?

2.
What type of software program would best be used to show various budget scenarios?

3.
Give an example of an electronic tool that could be used to monitor circuit conditions.

4.
The human body shivers to warm up and perspires to cool down. Is this an example of a bang-bang control system or a proportional control system? Explain your answer.

[[End SECTION TWO FEEDBACK > here]]

SECTION 3: Assessing the Impact of Products and Ideas

[[Start Key Ideas > Box here]]

KEY IDEAS >

· When collecting information about the impact of technological products and systems, it is important to evaluate the information to make sure it is of high quality.
· To draw accurate conclusions about the effect of technology on the individual, society, and the environment, data must be collected and synthesized and trends must be analyzed.
· Forecasting techniques can be designed and used to evaluate the results of technologies that could potentially affect the environment and alter natural systems.
· Assessment techniques such as trend analysis and experimentation can help inform decisions about the future development of technology.
· Once a malfunctioning system is diagnosed, it can be repaired using appropriate tools, materials, machines, and knowledge.

[[End Key Ideas > Box here]]

When a technology is implemented, there are always consequences. We expect that the consequences will be desirable, but sometimes there are unexpected and occasionally undesirable consequences, as well. Think about television as an example. When commercial television was introduced in the 1940s, the inventors did not expect that the average U.S. citizen in 2008, would, between the ages of 2 and 65, have spent almost nine years of 24-hour days watching TV. Nor did the inventors of the automobile expect that much of the beautiful North American landscape would be paved over by roads.
Technology is neither good nor evil. Its impact depends upon how it is used. The famous early television broadcaster Edward R. Murrow said (about television, see Figure 3.44).

“This instrument can teach, it can illuminate; yes, and it can even inspire. But it can do so only to the extent that humans are determined to use it to those ends. Otherwise, it is nothing but wires and lights in a box.”

(EDWARD R. MURROW
RTNDA Convention, Chicago, October 15, 1958)

Ensuring the Quality of Information

When collecting information about the impact of technological products and systems, it is important to evaluate the information to make sure it is of high quality. For example, how do you know for sure that by the age of 65, the average U.S. citizen will have spent nearly nine years watching television? You read it in this book, and books are normally reliable sources of information; but if you were part of a policy-making group and were called upon to make decisions about teaching young children good television-watching habits, wouldn’t you want to make sure that the information you are guided by is entirely correct?
[[Insert Figure 3.44 here]]

Sometimes, incorrect information about technology is passed along either out of ignorance or because people have a particular point of view they want to advance. Out of ignorance, a TV owner might blame television-reception interference on a neighbor’s ham radio equipment. Although it is possible that the ham radio transmitter is the culprit, it is more likely that the ham equipment is operating properly and that something else is causing the interference, such as a faulty power line or a malfunctioning household appliance. Sometimes the design of the TV itself is the problem. In that case, the interference can be easily remedied by attaching an inexpensive filter to the TV set. Before faulting the ham radio operator, it would be important for the TV owner to make sure that the information about the cause of interference is correct. Once the malfunctioning system is diagnosed, it can be repaired using appropriate tools, materials, machines, and knowledge.

Sometimes people use information about technology incorrectly just to advance a particular point of view. A good example of this comes from the time of the Industrial Revolution. During that time, a group of people called Luddites (named after a probably fictitious leader, Ned Ludd) who worked in the textile mills in England, claimed that knitting machines would threaten workers’ jobs. They passed that information along to other workers and the Luddites roamed the countryside smashing the machines (see Figure 3.45). In truth, even though some jobs were outmoded, the machines led to progress and new trends, and ultimately to the creation of many more new jobs. This case also illustrates how information that is collected to assess the impact of technology must be evaluated with respect to its quality. To draw accurate conclusions about technology’s effect on the individual, society, and the environment, people must collect and synthesize data and analyze trends.

[[Insert Figure 3.45 here]]

Drawing Conclusions about the Effects of Technology

A compelling reason to become technologically literate is that it allows you to draw conclusions about the effects of technology. This then allows you to take a position about supporting or restricting the development of the technology in question. For example, how would you determine whether genetic modification of crops is of benefit to society? A technologically literate person would understand that if foods are genetically modified, they include a new protein. They become herbicide resistant. This means that weeds can be sprayed from airplanes and exterminated, while the genetically modified foods can survive the spraying. However, questions still need to be asked: How does genetically modified food affect humans? What about organic foods? Are the health benefits of organic foods worth the extra cost, and are they really healthier? Some say that the manure used in organic compost may be more harmful than the health risks from pesticide residues. Are there inherent risks that outweigh the benefits? How do you decide? Only after studying the technology and attaining some degree of technological literacy can you make an informed judgment.
Today, the term Luddite refers to a person who is opposed to or afraid of new technology.

From the financial point of view, drawing conclusions about the benefits or risks of a technology can help people and companies decide on business and investment strategies. In order to draw conclusions about the effects of technology on the individual, society, or the environment, data must be collected and synthesized, and trends must be analyzed. Historical events (such as the Luddite incidents), global trends (in the case of the Luddites, mechanization), and economic factors (the possibility of creating a greater number of new jobs) should be taken into account. Part of the assessment about whether a technology should be further developed or halted should be based on whether the benefits outweigh the risks, and if there are risks, whether they can be well managed so as to cause only an acceptable level of negative impact. Assessing a product or system can prove to us that it is dangerous, but it cannot prove to us with certainty that it is safe.
TECHNOLOGY IN THE REAL WORLD:
Drawing Conclusions about the Mechanization of Farming

Agriculture contributes positively to our foreign-trade balance (the difference between the value of our exports and the value of our imports), and it remains one of the nation’s larger industries in terms of total employment. Technology continues to enable us to produce more agricultural products with fewer workers and fewer farms. Proponents of large, highly mechanized farms argue that the classic family farm is obsolete in that it is no longer able to compete with large fully mechanized farms. Others disagree, claiming that family farms are the bedrock of American society and need to be protected.
Cattle farms today use highly mechanized feedlots to feed large numbers of animals and measure their weight until the desired weight is reached. Computers control the release of feed, formulated in laboratories, and dispense it mechanically in the exact amount needed by each animal. The animals are fed special growth hormones and provided with medications to prevent disease. These technological approaches allow modern farmers to get cattle to market in about half the time (13 to 16 months) that it took several decades ago. Sensors, placed in the animals’ skin, are able to detect health problems. These sensors make it possible to alert the farmer that animals might be sick, thereby reducing the potential for contaminated meat.
Modern dairy farms are as automated as modern robotic factories; in fact robotic milking machines are commonly employed. Cows are taught to gather at automated milking machines that use lasers to guide the milking mechanisms to their udders (see Figure 3.47).

Although some of the work on large ranches such as branding and herding is reminiscent of western movies, technology has changed the way the farming is done. Branding cattle and vaccinating them are processes that are most often mechanized today. Ranchers use motorized vehicles rather than horses to corral and herd cattle, and they make use of global positioning systems (GPS) to pinpoint areas of land where fertilizer, herbicides, and water need to be added.
[[Insert Figure 3.46 here]]

Even waste disposal methods on farms are highly technological. Modern dairy farms produce large amounts of animal waste. In many dairies, cows are housed in stalls where waste is removed by flushing water across the floors. The water and the solids are separated by machines. The solids are commonly used as soil conditioners. The liquid is used as an inexpensive fertilizer that is pumped to surrounding crop fields. Although this type of waste system is common, little is known about the bacteria that inhabit them. Furthermore, some believe that waste-water holding lagoons may be environmental reservoirs for disease-causing bacteria.
The financial and societal positive and negative consequences of mechanized farming must be considered when assessing its impacts on our culture.

Forecasting techniques
When implementing new technologies, it is important to ensure that they do minimal harm to the environment and living systems. Sometimes, harm to the environment is accepted in light of the benefit to humans; as a society, we accept the proliferation of automobiles, even though we are aware that auto exhaust contributes to air pollution and global climate change. As a society, we make trade-offs, weighing benefits against risks. We should carefully think through these risk-benefit trade-offs before implementing technologies on a wide scale.

Forecasting techniques can be designed and used to evaluate the results of technologies that could potentially affect the environment and alter natural systems. Natural systems affected by technology include lakes (building homes around the shore), rain forests (cutting them down for the wood), or land (strip mining for coal).
[[Insert Figure 3.47 here]]

One useful forecasting technique is a cross-impact analysis. In this form of analysis, we identify several possible futures. We then try to predict the potential impact of each of these futures if they occurred in combination.
[[Start Table 3.2 here]]

Table 3.2 | This Cross-Impact Matrix Describes the Potential Effects of Several Proposed Technologies

	
	GENETICALLY ENGINEERED HUMANS
	CITIES ON THE MOON
	LIFE ON OTHER PLANETS
	CITIES UNDER THE SEA

	AIR POLLUTION
	· Humans will be able to breathe sulfur dioxide.
	· Moon societies will safeguard against the kind of pollution that occurred on Earth.
	· People will vacation on non-polluted planets.
	· Polluted air will be used for fuel by sea cities.

	RISING ENERGY COSTS
	· Humans will be able to survive on fewer calories.
	· Energy will be beamed to Earth from a moon base.
	· Energy sources will be exported from other planets to Earth.
	· There will be new uses of sea water to provide energy.

	OVERPOPULATION
	· Child-bearing will be forbidden.
	· Societies will move to the Moon.
	· Marriages will occur between earthlings and humanoids from other planets.
	· People will work in new industries, like mining sea beds.

	
	· Only genetically engineered humans needed for specific purposes will be authorized.
	
	· Attempts to transfer populations will be met by resistance. Interstellar wars will be fought.
	

	
	· People will debate whether we should alter human life.
	
	
	

	LONGER LIFE SPANS
	People will be altered several times during their lifetimes as conditions change on earth.
	· People will commute to summer homes on the Moon.
	· People will spend more time traveling to distant planets.
	· People will live part of their lives on land and part in sea cities to learn about all forms of life.

	
	
	· New travel agencies will specialize in Moon/Earth travel.
	
	


[[End Table 3.2 here]]
A cross-impact matrix is a type of table that we can use when conducting a cross-impact analysis. We can use a cross-impact matrix to generate ideas about the possible effects of a variety of future technologies if the technologies occurred in combination. Table 3.2 shows an example of a cross-impact matrix.

Another forecasting technique involves the use of a futures wheel. A futures wheel is a diagram with one scenario at the center that might lead to other scenarios. These in turn, spawn other possible outcomes. These new outcomes are called second-order impacts. These may spawn yet other outcomes (third-order impacts) and so on.
Trend Analysis

Assessment techniques such as trend analysis and experimentation can help inform decisions about the future development of technology. By analyzing trends, entrepreneurs can identify new product ideas and opportunities to reach prospective customers. Paying too much attention to the present can lead to missed opportunities in the future. An analysis of the do-it-yourself trend led to the establishment and success of home improvement “super stores,” such as Home Depot and Lowe’s. The concern with obesity has led to a trend toward healthier eating and has opened opportunities for companies that produce organic foods, and foods with reduced transfats. Since there is a growing population of baby boomers who are nearing retirement age and will have more time to prepare meals, the healthy eating trend has led to a demand for more healthy and upscale foods.
Trend assessment is an evaluative technique based on iterative procedures that involve analyzing trade-offs, estimating risks, and choosing a best course of action. Consider trends in food. Today, there are trends toward healthier foods. Looking at the futures wheel in Figure 3.48, which of the possible outcomes do you think might be realistic, and what might be some of the trade-offs we would have to make between benefits and risks? As a society, we must have the technical knowledge to do these analyses so that we can advocate for and pass legislation that would provide the best course of action.
[[Insert Figure 3.48 here]]

[[Start SECTION THREE FEEDBACK > here]]

SECTION THREE FEEDBACK >
1.
Some consumers in the United States worry that the extended shelf life of UHT milk (milk that is processed under ultra high temperatures, about 275° F) may not be healthy because such milk is delivered and stored without refrigeration. Collect information about UHT milk and explain whether you favor its use in your own household.

2.
Figure 3.49 illustrates how environmental pollution, while worrisome, contributes far less to cancer than poor diet and smoking. Figure 3.50 illustrates trends in fast-food consumption. What do these two trends, taken in combination, indicate to you? What actions can you take to remedy these situations?

3.
Develop a futures wheel. At the center, list laws that eliminate smoking. Project possible second- and third-order impacts of this legislation.

[[End SECTION THREE FEEDBACK > here]]

[[Insert Figure 3.49 here]]

[[Insert Figure 3.50 here]]

SECTION 4: Management of Technological Endeavors

[[Start Key Ideas > Box here]]

KEY IDEAS >
· Management is the process of leading and directing all the parts of an enterprise by organizing the human and financial resources and time in the most profitable and beneficial way.
· Good leaders motivate, inspire, and enable their employees to carry out the mission and goals of an organization in effective ways.

· A project can be modeled using a systems diagram with desired results; processes using resources to attain outcomes; and feedback loops involving monitoring and control subsystems.

[[End Key Ideas > Box here]]

[[Insert Figure 3.51 here]]

Management is the process of leading and directing all the parts of an enterprise by organizing the human and financial resources and time in the most profitable and beneficial way. Good management requires leadership, teamwork, and clear identification of roles and responsibilities. Management is responsible for scheduling and project tracking, project financing, and oversight of human resources. Broadly stated, management involves leadership and motivation of employees; project planning and organization; project implementation; and monitoring and controlling operations (see Figure 3.51).
Leadership and Motivation

Good leaders motivate, inspire, and enable their employees to carry out the mission and goals of an organization in effective ways. Good leaders recognize that employees are the most crucial resource. Leadership does not always have to come from a person in authority. It can just as well come from someone with special skills or expertise; it can come from a trendsetter; it can come from people who are particularly respected for their ideas. The challenge that leaders face is to do three things well: to get their staff to accomplish goals and planned tasks with excellence; to develop the skills and abilities of people whom they supervise; and to take good care of their subordinates.
[[Insert Figure 3.52 here]]

Often, becoming a leader is a result of a personal decision to assume a lead role. We have seen examples of this in politics, business, education, entertainment, religion, and even in the home. Names such as Oprah Winfrey, the television personality; Michael Bloomberg, mayor of New York City and owner of a media empire; and Sergey Brin, the co-founder of Google (see Figure 3.52), come to mind as examples of people who have risen to leadership and prosperity even though they came from humble beginnings.
TECHNOLOGY AND PEOPLE:
A Profile of Leadership: Russell Simmons
Russell Simmons was born in New York City in 1957 and attended the City College of New York (see Figure 3.53). He is an entrepreneur, the co-founder of the hip-hop label Def Jam, and founder of the Russell Simmons Music Group. His business interests include a clothing company called Phat Farm, a movie production house, television shows, and an advertising agency. His Rush Communications company includes a company that produces Legacy and Arthur Ashe sneakers.
Simmons brought an award-winning live show called “Def Poetry” to Broadway, but his leadership extends beyond his music. He has made important contributions to the civil rights movement and participated in get-out-the-vote efforts in the 2004 U.S. presidential election. He has taken public positions against cruelty to animals in factory farms and slaughterhouses. Currently, he is working on a project to fight anti-Semitism.

Russell Simmons is a person who has used his talents and his entrepreneurial ideas not only to amass personal wealth, but to improve society—the mark of a true leader.
[[Insert Figure 3.53 here]]

Planning and Organization

Project planning involves making decisions about what should happen to ensure that a project succeeds. During the planning phase, the people responsible for a project identify goals, strategic plans, and time lines. They also create a budget for the project in a spreadsheet. In addition, they create a management plan that spells out roles and responsibilities of all personnel and they decide which methods they will use to measure and evaluate the success of the project. The planning process continues throughout the project’s duration as the team assesses its progress toward meeting goals—and then revises strategies and plans as necessary.
Project organization involves setting up procedures that make the best use of resources—human, financial, material, energy, equipment, information, and time—so that the plans that have been developed can be implemented successfully. In order to make the best possible decisions about these procedures, it’s important to include people in the decision-making process (the stakeholders) who will be involved in carrying out the procedures. In particular, it’s important to ensure that the stakeholders help to define what needs to be accomplished and how. Organizational charts are helpful in displaying how the various responsibilities, agencies, offices, and lines of authority are related (see Figure 3.54).
Project Implementation

Project Implementation is the process of carrying out plans in ways that maximize success and preserve the core values of the organization or business. Organizational values may include honesty and integrity, excellent customer service, high performance, openness and teamwork, and respect for diversity. Without clear organizational values, individuals within the organization may pursue courses of action that may lead to results that the organization doesn’t wish to support.

Implementation strategies involve ensuring that plans and policies are carried out, time lines are met, and that human resource management and financial management strategies are put into place and monitored. An important element in properly implementing a project is collecting data that contributes to making good management decisions and is linked to project goals. To assess overall performance, input, output, and outcome data are collected. Input data provide a measure of the resource inputs (people, information, equipment, materials, energy, capital, and time). Output data provide a measure of what it is you’ve actually produced and help you determine if you are making progress toward attaining your goals. Outcome data allow you to assess to what extent you’ve actually reached your goals.

[[Insert Figure 3.54 here]]

Monitoring and Controlling
A project can be modeled as a system with desired results; processes using resources to attain outcomes; and feedback loops involving monitoring and control subsystems. The desired results are the planned goals; the process uses resources to accomplish project implementation strategies; and you know from your previous study of systems that to adjust for changing conditions, feedback allows the system to be properly monitored and controlled (see Figure 3.55).
In a project, whatever the goals, checking progress against plans allows for making modifications that help ensure that goals are reached. Feedback should be gathered about time management; people’s performance; financial expenses, profits, and losses; use and costs of energy, material, and equipment resources; and the quality of end results (products or services). In a system that is based upon people working together to achieve a business organization’s goals, management personnel are ultimately responsible for performance. In the past, it was assumed that top management would assume the entire responsibility for deciding on monitoring and control methods. Now, in many modern organizations and businesses, other staff members are increasingly involved in decision making.

[[Insert Figure 3.55 here]]

[[Start SECTION FOUR FEEDBACK > here]]

SECTION FOUR FEEDBACK >
1.
Develop a management plan for a project that will develop a strategy game to be played on a game console or a computer. The management plan should include:

· A clear statement of the goal, or goals, of the project (not the game goals, but the project goals)

· A time line that illustrates graphically what the important milestones would be during the development of the game

· A management plan that identifies the roles and responsibilities of project managers, technical consultants, and other workers

· A project budget

· Identification of the data that you would collect that would ensure that project goals would be met

2.
Select a project of your own choosing. It might be a project that results in a product, a service, or an environment (like a park or garden). Draw a systems diagram of the project that indicates the desired results, the specific resources used, the data that would need to be collected to ensure project success, and the ways in which management might implement control mechanisms (technological, financial, procedural) to ensure success.

[[End SECTION FOUR FEEDBACK > here]]

CAREERS IN TECHNOLOGY
Matching Your Interests and Abilities with Career Opportunities: Computer Professional

You are probably quite aware that computer skills are basic abilities people need to succeed in our technological world. One of the fastest growing career clusters requires the ability to design computer systems and provide related technical services.
Significant Points

· The computer systems design and related services industry is expected to experience rapid growth, adding 453,000 jobs by 2013.
· Professional workers enjoy the best prospects, reflecting continuing demand for higher level skills needed to keep up with changes in technology.
· Computer systems analysts, computer software engineers, and computer programmers account for about 60% of all employees in this industry.

Nature of the Industry

Services include custom computer programming services, computer systems design services, and computer facilities management services.
Working Conditions

Most workers in this industry work in clean, quiet offices. Those in facilities management and maintenance may work in computer operations centers. These are facilities that house powerful computers that provide the information technology services needed by a company, a university, or other such entity.
Occupations in the Industry

Programmers write, test, and maintain the detailed instructions, called program code, that computers must follow to perform their functions.
Computer engineers design, develop, test, and evaluate computer hardware and related equipment, software programs, and systems.
Systems analysts study business, scientific, or engineering data-processing problems and design new flows of information.

Database administrators determine ways to organize and store data and work using database management systems software.
Computer support specialists provide technical assistance, support, and advice to customers and users. This is actually a group of occupations that includes workers with a variety of titles, such as “technical support specialist” and “help-desk technician.” Other skilled computer workers are involved in the design, testing, and evaluation of network systems, such as local area networks (LANs), wide area networks (WANs), Internet, and other data communications systems.
Web developers are responsible for designing and creating Web sites. Webmasters are responsible for the technical aspects of a Web site, including day-to-day performance issues, such as speed of access, and for approving site content.

Network or computer systems administrators install, configure, and support an organization’s LAN (local area network), WAN (wide area network), network segment, or Internet functions. They maintain network hardware and software, analyze problems, and monitor the network to ensure availability to system users.
Training and Advancement

Many employers seek applicants who have at least a bachelor’s degree in computer science, information science, or management information systems (MIS).

Outlook

This is one of the 25 fastest growing industries in the United States. Wage-and-salary employment is expected to grow 40% by the year 2014, compared with only 14% growth projected for the entire economy.

Earnings

Non-supervisory workers in the industry averaged earnings that were almost twice as high as the average for all industries.

[Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2007–08 Edition, visited November 2007, http://www.bls.gov/oco/]

Summary >

To be a fully integrated member of our highly technological society, a person needs to develop abilities that provide technological literacy. These abilities include having a familiarity with how technological products, systems, and environments are designed; being able to properly use and maintain technical products and systems; having the ability to assess technological benefits and risks; and being able to effectively manage technological endeavors.
Good designers know that once a design problem has been identified, it must be analyzed to determine if potential benefits justify investing time and other resources in trying to search for solutions. The design specifications and constraints will affect the design concept, its implementation, marketability, and its commercial profitability.
Developing prototypes and using modeling techniques help ensure the quality, efficiency, functionality, and dependability of the final product. Modeling possible design solutions allow the designer to try out “What-if?” scenarios before actually implementing and producing the design.
Design solutions are evaluated and communicated using three-dimensional models, and verbal, graphic, quantitative, virtual, and written means. Quality control measures ensure that products and systems meet customer requirements and industry standards.

A variety of techniques, including flowcharts, symbols, spreadsheets, graphs, and time lines can be used to document processes and procedures and communicate them to different audiences. Computer-based and electronic tools are used along with technical knowledge to maintain the proper operation of technological systems. Monitoring the operation of a system and making adjustments as needed help ensure safe and proper functioning.
Systems should be operated so that they function in the way they were designed. Computer systems with appropriate software are used to process information needed to ensure that technological systems are kept in good working order.

Information that is collected to assess the impact of technological products and systems must be evaluated with respect to its quality. To draw conclusions about the effect of technology on the individual, society, and the environment, data must be collected and synthesized and trends must be analyzed.
Forecasting techniques can be designed and used to evaluate the results of altering natural systems. Assessment techniques such as trend analysis and experimentation can help inform decisions about the future development of technology.
To ensure smooth function of a technological project, appropriate management techniques must be employed. Management is the process of planning, organizing, and controlling work. Effective project management involves scheduling and project tracking, financing the project, and building a team-based personnel structure.
FEEDBACK
1.
Do you think design ideas that aren’t likely to become commercial successes should be rejected? Explain your position.
2.
Develop a flowchart showing the steps required to set up and test a newly purchased computer system that includes the computer, a mouse, keyboard, speakers, and an Internet connection.
3.
Design a Gantt chart that might be used in planning an evening event for 50 people that includes music and food.
4.
Develop a spreadsheet that shows itemized costs of food purchased for your family for one week. How might you save on food costs?

5.
Give an example of how electronic tools are used to maintain the proper operation of technological systems. What knowledge is required to use these effectively?

6.
How does feedback allow proper adjustments to be made to a system to ensure proper functioning?

7.
An “amusement ride” is defined as a system that moves people through a fixed course within a defined area for the purpose of amusement. Choose an example of such a system and describe the consequences that might exist if it were to be operated in a way other than the way it was designed to function.
8.
Give an example of a technological system that is computer controlled and explain how the controller keeps the system operating properly.
9.
Cite an example of how misinformation about the impact of a technological product or system can be used to advance a particular point of view.
10.
Read an article about the Luddites. Explain the issues they were facing and take a position that either supports or argues against their concerns and methods.
11.
 might lead toward foods with added vitamins and minerals, organic foods, more relaxed dining, foods with less fat and fewer calories, new packaged food products that are easy to prepare yet provide good nutrition, more nutritious fast food, nutrition food bars, and foods from foreign cultures. Make a table showing five possible food trends. In one column, identify possible benefits; in another column, identify possible risks. In a summary statement, discuss what you believe to be the most logical approach a community could use to advocate for healthy nutrition.
12.
Some managers are autocratic. Define the term “autocratic” and take a position supporting or rejecting autocratic management. Clearly explain your position.

DESIGN CHALLENGE 1:
Pelicans and Green Men

· Problem Situation

A pedestrian crosswalk is a section of a street in which pedestrians have the right of way. Such crossings are often marked by signs, painted lines, flashing lights, or traffic symbols. In England, pedestrian crosswalks are called “pelican crossings,” but such crossings exist worldwide. “Pelican” is actually slang for a PEdestrian LIght CONtrolled crossing, or pelicon. Often, crosswalks are controlled by traffic signals with lights or images of red or green men. In this activity, you will design and produce a model of a pelican crossing.
· Your Challenge

You are asked to design and construct a model of a pedestrian crosswalk—a pelican crossing—that is marked by symbols and/or signs and uses a set of traffic lights with a system to control them.

· Safety Considerations

1.
Wear eye protection at all times. Be particularly careful about using cutting tools, spraying paint, and applying finishes.
2.
Make sure that all machines are used with all guards in place.

3.
If you are using a large plywood board, get help handling it.

4.
Be careful with electrical and electronic devices. Make connections first, and then turn on power. Be sure there are no short circuits.
5.
Only use low-voltage sources of electricity for lights, mechanical devices, and control systems.
6.
Be sure that the combination of bulbs, relays, and other devices that are connected to a power supply do not exceed the current capacity of the supply.

· Materials Needed

1.
½-inch thick plywood board measuring at least 2 feet by 4 feet

2.
Paints of various colors, including white paint

3.
Paint brushes and rollers

4.
Low-voltage power supply

5.
Low-voltage light bulbs or LEDs

6.
Low-voltage relays

7.
Timers
8.
Assorted hardware

9.
Assorted pieces of wood, metal, or plastic for making model signs

10.
Computer with Internet access

· Clarify the Design Specifications and Constraints

Your model must be made on a sheet of ½” thick plywood measuring at least 2’ ( 4’. In your design, the pelican crosswalk must include at least two attention-getting symbols, a pattern of painted lines, and a traffic light with at least two lights of different colors. The lights must be activated by a control system that turns the lights on and off and keeps the lights on and off for an appropriate period of time. Include at least one enhancement that makes crossing easier or safer for a person with a disability.
· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder I: Rules governing crosswalks.

2.
In your guide, complete the Knowledge and Skill Builder II: Crosswalk design.

3.
In your guide, complete the Knowledge and Skill Builder III: Signs and symbols.

4.
In your guide, complete the Knowledge and Skill Builder IV: Investigating times of red, green, and yellow lights.

5.
In your guide, complete the Knowledge and Skill Builder V: Enhanced crosswalk features to assist persons with disabilities.
· Generate Alternative Designs

In your student activity guide, describe two of your possible alternative approaches to designing the pelican crosswalk. Discuss the decisions you made in a) choosing signs and symbols, b) choosing the length and width of the crosswalk, c) designing the control system for the lights, and d) enhancing the crosswalk with features to help persons with disabilities. Attach drawings if helpful and use additional sheets of paper if necessary.

· Choose and Justify the Optimal Solution
What decisions did you reach about the design of the signs and symbols, the length and width of the crosswalk, the control system for the lights, and enhancements to aid persons with disabilities?

· Display Your Prototypes

Construct a model of your pelican crosswalk on a ½-inch thick plywood board measuring at least 2 feet by 4 feet. Include descriptions and either photographs or drawings in your guide.

· Test and Evaluate

Explain whether or not your pelican design met the specifications and constraints. What tests did you conduct to determine this? Troubleshoot, analyze, and maintain your pelican system to ensure safe and proper functioning.

· Redesign the Solution

What problems did you face that would cause you to redesign signs and symbols, the size of the crosswalk, the control system for the lights, or enhancements to aid persons with disabilities? What changes would you recommend in your new designs? What additional trade-offs would you need to make?
· Communicate Your Achievements

Describe the plan you will use to present your solution to your class. (Include a media-based presentation.)

DESIGN CHALLENGE 2:
Finding Money

· Problem Situation

Sometimes leaders in technology have excellent ideas, but they lack the funds to implement those ideas. In many cases, these leaders seek funding from government agencies or foundations to finance their ideas. In order to do so, the individuals must submit a proposal to the funding agency. The proposal is a written document that explains the project clearly, presents a compelling case that the proposed ideas can work, and provides a management plan and a budget that will convince the funding agency that the people making the proposal have thoughtfully considered all aspects of the proposed project.
· Your Challenge

Develop a proposal that would generate enough funding for your class to engage in an engineering design project that would be of benefit to people living in the community. Assume you are directing your proposal to an educational or community group that has funds to distribute to a deserving applicant.

· Safety Considerations

Ensure that you use computer hardware and software only as instructed by your teacher.

· Materials Needed

1.
Computer with Internet access

2.
Software (such as Microsoft Word, Excel, or project management software) for making flowcharts, Gantt charts, Pert charts, and time lines
3.
Spreadsheet software (such as Microsoft Excel) for budget development
· Clarify the Design Specifications and Constraints

Pick a project that, when completed, will satisfy a real need. The project must be completed within one school year. Your proposal must include the following sections:
· Project Title

· Need for the Project

· Project Goals

· Project Overview

· Work Plan and Time Line (in chart form)

· Plan to Evaluate Your Project

· Role of Each Project Team Member

· Budget (In Excel or similar software)

· Letters of Support from School or Community Personnel

You must limit your proposal to 15 pages, single spaced, using a font size of between 10 and 12 points, with one-inch page borders.

· Research and Investigate

To complete the design challenge, you first need to gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder I: Identifying a community need.

2.
In your guide, complete the Knowledge and Skill Builder II: Meeting with potential funders.

3.
In your guide, complete the Knowledge and Skill Builder III. Proposal preparation.

4.
In your guide, complete the Knowledge and Skill Builder IV: Sources of funding.

5.
In your guide, complete the Knowledge and Skill Builder V: Using spreadsheet software.

6.
In your guide, complete the Knowledge and Skill Builder VI: Making charts and time lines.

7.
In your guide, complete the Knowledge and Skill Builder VII: Presenting your proposal.

· Generate Alternative Designs

Describe at least two possible project ideas. Discuss the level of funding required to implement each idea. Discuss the decisions you made in choosing the project you wish to pursue.
· Choose and Justify the Optimal Solution
Explain what prompted you to pick the particular project you chose. Explain your decisions regarding: 1) the design of the project, 2) the level of funding needed, 3) the project management, and 4) the people or organizations you will approach for funding.
· Display your Prototypes

Display your completed proposal on a tri-fold board. Label each of the sections. Include any drawings that would help explain your proposal ideas. Include letters of support and commitment that you have received from interested parties.
· Test and Evaluate

Explain whether your proposal was successful in obtaining needed funding. If you were not successful in obtaining funding this time, what would you have to do to enhance your funding opportunities?

· Redesign the Solution

What problems did you face that made it difficult for you to frame an effective proposal? What changes would you make if you were to rewrite the proposal and resubmit it? What changes would you recommend to the engineering design project? What additional trade-offs would you have to make in recasting your proposal and project?
· Communicate Your Achievements

Describe the plan you will use to present your solution to your class. (Include a media-based presentation.)

Numbered Figure

Figure 3.1|These students are using their technological know-how to collaborate on a video-editing project. The more you know about technology, the more comfortable you will be as you tackle the challenges you will face throughout your life.

Figure 3.2|The spacecraft Orion is currently being developed by NASA and the Lockheed Martin Corporation. The new spacecraft design requires hundreds of thousands of design decisions. Here we see what Orion will look like approaching the International Space Station.
Figure 3.3|Skaters struggle on rough terrain they call “gatorback” because it is rough as an alligator’s back. Gatorback poses a technological challenge for Rollerblade designers.

Figure 3.4|One of Lovitt and Winslow’s early attempts at a Rollerblade that could roll over rough terrain consisted of a ski boot on rollers positioned inside a metal wheel rim.
Figure 3.5|An important design innovation was to angle the wheels. Here you see a top view of the boots, with the metal wheel angled from the heel of each boot to the outer edge. This allowed the skater to slip his or her foot into the top of the boot, without hitting the wheel.

Figure 3.6|The LandRoller designers added a small wheel in the back of each skate for balance.
Figure 3.7|In yet another version of the LandRoller skate, the small balance wheels were moved from the back to the front to improve weight distribution.

Figure 3.8|iteration involved using two 8-inch, air-filled tires on each skate.

Figure 3.9|After years of design and development, the LandRoller is a success.

Figure 3.10|an urban setting, where land is extremely expensive, a skyscraper is a good way to satisfy design specifications that require a building to house a thousand offices.

Figure 3.11|The need to prevent air and water pollution is an important design constraint for modern manufacturers.
Figure 3.12|The Ford Explorer America concept vehicle serves as a platform for Ford’s new family of engines designed to provide the power of larger engines while achieving 20–30% gains in fuel economy.
Figure 3.13|A stereolithography machine creates three-dimensional models based on graphics stored on a computer.

Figure 3.14|This stereolithography machine, manufactured by 3D Systems Corporation, is used to create three-dimensional models.

Figure 3.15|This model of an automobile tire was made by a stereolithography machine.

Figure 3.16|In the context of Web page design, a storyboard is a diagram that shows the flow of pages within a Web site.

Figure 3.17|Very accurate and reliable product designs can be developed using the two-dimensional and three-dimensional capabilities of computer-aided design (CAD) programs.

Figure 3.18|This 3-D model of a chaise lounge was created by a CAD-CAM system.

Figure 3.19|This looks like a real car, but it is really a 3-D model created by a CAD-CAM system.

Figure 3.20|This model of a hand drill was created by a CAD-CAM system.
Figure 3.21|This IBM engineer is inspecting a semiconductor wafer.

Figure 3.22|William Edwards Deming worked in Japan to implement quality improvement (kaizen). Kaizen involves components related to maintenance and operating standards. Improvement is focused on making current standards even higher.

Figure 3.23|This flowchart illustrates the decision-making process involved in choosing the best route for driving to school depending upon the weather. Charts such as these are used to plan the sequence of production processes.

Figure 3.24|This Gantt chart lists each activity and the time periods during which the activity will be completed. The time periods in a Gantt chart could be months, seasons, years, or any other period you specify.
Figure 3.25|This is an example of a PERT chart that is used to schedule, organize, and coordinate tasks within a project.

Figure 3.26|These symbols are used in a flow chart.
Figure 3.27|These are Universal Building Design symbols used internationally on maps and sign posts.

Figure 3.28|This drawing uses symbols in a schematic diagram of an electronic thermometer circuit.

Figure 3.29|These symbols are used in maps to show buildings and related features.
Figure 3.30|A spreadsheet is a matrix of boxes (cells) that identify columns by letters and rows by numbers, so a cell can be designated by a letter and a number. For example, the shaded cell shown in Figure 3.30 would be designated as B3.
Figure 3.31|This spreadsheet displays a “What if?” scenario (what if the wages were increased by various percentages)?

Figure 3.32|A spreadsheet showing combinations of grain and hay that could be used as feed to produce satisfactory weight gain in a steer.
Figure 3.33|This revised spreadsheet and graph show that the least cost occurs at combination seven.

Figure 3.34|This line graph shows how the price of gold has changed from 2000 to 2006. Can you see a trend?
Figure 3.35|Graphs and charts can be drawn using programs such as Microsoft Excel.

Figure 3.36|This pie chart shows the languages people use when they are online using the Internet. (Source: Report of the Internationalized Domain Names Working Group, ICANN.)

Figure 3.37|This time line shows technological developments from 1752–1863.
Figure 3.38|This diagram shows the details of a modern toilet’s feedback-control system. A float activates a valve to turn the flow of water on or off.

Figure 3.39|A home heating system thermostat is an example of a bang-bang controller.

Figure 3.40|A car’s speed can be controlled by adjusting the gas pedal based on the driver’s observation of the difference between the desired speed and the actual speed. “Bang bang” control refers to situation in which the gas pedal is used like a switch: either it is fully on or fully off. This would control the speed, but it would also result in jerky motion.

Figure 3.41|Proportional control refers to a situation in which the gas pedal is pressed in proportion to the difference between the desired speed and the actual speed, allowing for a smoothly controlled level of speed.
Figure 3.42|Every time you use a cell phone, you are using a device with an embedded computer.

Figure 3.43|This programmable digital controller monitors and controls temperature, pressure, flow, level, and other process variables in applications such as furnaces, ovens, environmental chambers, packaging machinery, and plastic processing machines.

Figure 3.44|The famous early television broadcaster, Edward R. Murrow, understood that television could teach and inspire, but only if humans decided to put it to good use.

Figure 3.45|In nineteenth-century England, the Luddites were a group of people who were convinced that industrial machinery would spell the end of most manufacturing jobs. To protest this new technology, they rioted and destroyed machines.
Figure 3.46|A silage machine creates a huge 50-foot swath, chops it, and blows it into trucks driving alongside.

Figure 3.47|A modern dairy farm uses automated milking machines like this one to milk many cows at one time.

Figure 3.48|This futures wheel shows a scenario in which people become more concerned with healthier eating. The center scenario, “Healthy Eating” spawns the “More Organic Foods Grown” scenario. These two scenarios, in turn, lead to other, related scenarios.

Figure 3.49|The figure shows how environmental pollution contributes only minimally to cancer compared to other known causes. (Source: Doll and Peto (1981), Journal of the National Cancer Institute.)

Figure 3.50|This chart illustrates trends in fast-food consumption. (Source: USDA. Economic research service.)

Figure 3.51|Elements of good management.

Figure 3.52|Sergey Brin, co-founder of Google, was born in August 1973 in Moscow, Russia. He and his family emigrated to the United States to escape religious persecution (they are Jewish) in 1979.

Figure 3.53|Russell Simmons is an entrepreneur who co-founded the hip-hop label Def Jam, then went on to develop business and philanthropic interests in many areas.

Figure 3.54|This is an example of an organizational chart used by the National Aeronautics and Space Administration (NASA).

Figure 3.55|A project can be thought of as an input-process-output feedback control system. The input to the system is the desired result; the process consists of the implementation strategies that make use of resources; the output is the actual result. The output (the project outcomes) may not be what was intended. Data are collected (feedback) and a comparison is made, usually by management, to determine if the outcomes are desired. If not, adjustments are made to the process. The adjustments may mean changing resources or changing procedures.
Hacker 3-42

